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L — On  Evolution  in  Geologt. 

By  W.  J.  S0LLA8,  B.A.,  F.G.S., 
Lecturer  on  Geology,  Cambridge  UiiiTersity  Extenrion. 

rAT  the  energy  of  the  earth  and  the  sun  is  a  continually  diminish- 
ing quantity,  and  must  at  the  beginning  of  geologio  history 
have  been  far  in  excess  of  its  present  amount,  are  propositions  that 
few  at  the  present  d^y  would  be  found  to  deny ;  but  the  exact  influence 
of  this  greater  quantity  of  energy  on  geologic  changes  has  not,  I 
believe,  been  hitherto  fully  discussed.^ 

The  Sun, — The  Sun  is  a  large  and  exceedingly  hot  star,  cooling 
slowly  in  space,  and  it  is  because  it  is  so  large  and  hot  that  it  has 
been  able  to  supply  our  world  and  all  the  other  members  of  its 
system  with  so  much  heat  for  so  long  a  time.  It  is  daily  losing 
heat,  and  it  is  the  heat  thus  lost  by  the  sun,  and  gained  in  part  by 
us,  that  supplies  the  energy  requisite  for  the  work  of  most  denuding 
agents. 

If  the  sun  then  be  a  cooling  body,  its  store  of  energy  must  have 
been  greater  yesterday  than  it  is  to-day,  by  exactly  the  equivalent 
of  the  amount  of  heat  it  has  radiated  since  then ;  and  so  of  all 
previous  yesterdays :  so  that  if  we  go  back  far  enough  in  time,  we 
shall  reach  a  period  when  the  store  of  energy  in  the  sun  was  too 
great  to  permit  of  its  existence  in  its  present  state.  This  period,  as 
calculated  by  Sir  William  Thomson,  is  placed  as  far  back  as  from 
100  to  oOO  millions  of  years  ago.'  But  it  is  a  law  of  cooling  bodies 
that  they  cool  the  quicker  the  higher  their  temperature  is  above  that 
of  the  surrounding  ^medium.  The  space  in  which  all  worlds  exist, 
the  medium  which  surrounds  our  sun,  appears  to  have  no  sensible 

*  The  views  contained  in  this  paper,  the  sources  of  some  of  which  will  be  obvious, 
were  tirst  expressed  before  the  Ilalifax  Philosophical  Society,  in  a  lecture  which  I 
deliver*^  in  1874,  and  afterwards  in  a  paper  read  before  the  Leeds  Geologists' 
Association.  They  are  now  printed  in  a  condensed  form  and  rather  as  suggestions 
than  anything  else. 

'  The  increased  amount  of  energy  in  the  sun  does  not  imply  a  corresponding 
elevation  of  temperature;  to  a  great  extent  such  additional  energj'  was  poten- 
tial, but  from  all  we  know  it  seems  most  probable  that  an  increase  in  potential 
would  be  accompanied  in  this  case  by  an  increase  in  kinetic  ener<n',  and  so  we  may 
«*tely  assume  that  the  temperature  of  the  sun  rises  in  an  ascending  curve  as  we 
proceed  backwards  in  time.  The  more  rapid  conversion  of  potential  into  kinetic 
etiergy,  which  probably  occurred  at  intervals,  would  produce  fluctuations  in 
temperature,  ana  so  the  temperature  curve  in  the  sun's  histor)*  is  probably  not  ql 
ample  line,  but  varied  bf  naajoroun  minor  undalationa, 
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temperature  of  its  own,  or  what  temperature,  it  has  is  generaUj 
taken  as  practioally  constant. 

Thus  by^raisrng  the  temperature  of  our  luminary  we  increase  the  j 
difference,  between  its  temperature  and  that  of  surrounding  spaoa  i 
It  will  CQj)$^quently  cool  quicker  than  when  its  temperature  is  lower  ' 
and  t!)e  difference  in  temperature  correspondingly  less. 

In  radiating  its  heat  away  more  rapidly,  it  will  supply  our  eartk  ' 
whSie^  greater  quantity  of  energy,  which  only  comes  to  saying  what 
«9' obvious  enough,  that  when  the  sun  was  hotter,  it  shone  with 
increased  intensity  on  the  earth. 
*  •  • .  'The  Earth, — The  same  conclusion  may  be  held  to  be  true  tt 
'\regards  the  earth,  likewise  considered  as  a  body  cooling  in  spaoe. 
It  is  now  very  hot  inside,  but  at  one  time  it  must  have  been  modi 
hotter ;  every  century  that  has  passed  over  it,  has  left  it  moie  and 
more  impoverished  in  heat  It  becomes  hotter  not  only  as  we 
descend  its  crust,  but  also  as  we  pass  backwards  in  time. 

The  rate  at  which  it  cools  can  only  be  determined  by  making  xm 
of  data  confessedly  imperfect,  and  from  these  Sir  Wm.  Tbomaoa 
finds  that  100  or  200  millions  of  years  ago  it  first  began  to  ba 
crusted  over  by  a  solid  film  of  rocks ;  that  10,000  years  after  its 
first  crusting  over  the  temperature  of  the  crust  increased  2^  F.  for 
every  1ft.  vertically  descended  below  the  zone  of  constant  tempera- 
ture. The  rate  of  increase  for  descent  with  successive  periods  is 
shown  in  the  following  table : 

Period  after  crostiiig  over.  Rate  of  increase  in  temperatore 

Tears.  for  erery  1ft.  descended. 


10,000 

40,000 

160,000 

4,000,000 

100,000,000 


2"     F. 
V 


•sV  of  a  degree  being  the  present  rate  of  increase. 
Various  estimates  have  been  made  by  geologists  of  the  time  which 
has  elapsed  since  the  deposition  of  the  earliest  recorded  strata,  from 
the  time  the  Laurentian  were  first  laid  down  to  the  present  day. 
From  oOO  to  60  millions  of  years  would,  I  think,  include  the  least 
extravagant  of  them,  a  period  which  brings  the  period  of  formation 
of  the  earliest  known  strata  into  very  close  proximity  with  that 
when  the  sun  first  began  his  existence  as  our  luminary,  and  when 
our  earth  was  first  permanently  crusted  over. 

Prof.  Thomson's  estimates  may  be  wrong,  and  the  estimates  of 
the  geologists  may  be  wrong,  either  or  both  may  be  erroneous  to  a 
considerable  degree  ;  but  even  if  we  put  Sir  Wm.  Thomson's 
periods  farther  back,  twice  as  far  back,  or  bring  the  Laurentian 
period  nearer  to  us,  there  will  yet  remain  a  very  considerable  excess 
of  energy,  both  in  the  sun  and  in  our  planet,  beyond  what  they 
at  present  possess,  and  the  influence  of  which  must  have  been 
distinctly  sensible  on  the  rate  of  early  geologic  change.  It  is  there- 
fore not  only  legitimate,  but  it  even  becomes  necessary,  to  consider 
what  must  have  been  the  precise  effects  of  this  excess  of  energy  on 
the  earlier  physical  geography  of  our  globe. 
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Velocity  of  the  Earth's  Rotation, — ^The  retardation  of  tbe  earth's 
rotation,  owing  to  the  drain  upon  its  energy  in  supplying  the  work 
^e  by  the  tides,  has  not  yet,  perhaps,  been  accurately  estimated 
tt  to  its  amount,  but  as  to  its  existence  there  can  be  little  or  no 
doubt  From  this  it  follows  that  the  rate  of  rotation  of  the  earth 
was  greater  in  the  earlier  stages  of  its  history,  and  has  continually 
dficreBsed  from  then  to  the  present  day. 

Chemcal  Energy. — The  chemical  energy  which  chiefly  concerns 
Bi  here  is  the  unsatisfied  affinity  of  carbonic  anhydride.  All  sedi- 
meDtary  rocks  must  ultimately  be  traced  to  an  igneous  source,  and 
tboee  strata  which  are  composed  of  carbonates  must,  in  the  long 
nm,  have  resulted  from  the  combination  of  the  original  carbonic 
uihydride  of  the  atmosphere  with  the  constituent  of  some  igneous 

IDCk. 

Confining  our  attention  to  carbonate  of  lime,  it  is  clear  that 
every  bed  of  this  material  bears  testimony  to  so  much  carbonic 
anhydride  extracted  from  the  atmosphere,  and,  by  calculating  the 
qoantity  of  carbonic  anhydride  which  any  given  limestone  bed  con- 
tains, we  determine  by  how  much  the  atmosphere  of  our  planet  has 
been  deprived  by  it  of  that  constituent    Thus  one  cubic  mile  of  lime- 
itone  contains  about  four  thousand  million  tons  of  carbonic  anhydride, 
it,  about  i^iflo  p&rt  of  the  whole  amount  of  this  gas  at  present 
existing  in  the  atmosphere.     The  Laurentian  formation  of  Canada 
alone  covers  an  area  of  200,000  square  miles  of  the  earth's  surface, 
and  contains  limestone  beds  amounting  altogether  to  4000  ft.  in 
thickness.     Proceeding  on  the  assumption  that  this  is  the  average 
thickness,  which  of  course  it  is  not,  it  is  easy  to  determine  that  the 
quantity  of  carbonic  anhydride  stored   away  in  these  Laurentian 
limestones  alone  exceeds  by  four  times  the  quantity  of  carbonic 
anhydride  at  present  existing  in  the  atmosphere ;  or,  in  other  words, 
that  if  it  could  be  again  restored  to  the  air,  it  would  increase  tlie 
existing  per-centage  therein  from  '04  to  '2  per  cent ;  and  when  we 
consider  all  the  calcareous  rocks   of  the   Silurian,   Carboniferous, 
rriassic,  Jurassic,  Cretaceous,  and  Eocene  formations  now  exposed 
at  the  earth's  surface,  and  the  unknown  beds  of  limestone,  probably 
surpassing  all  these  in  thickness  and  extent,  now  buried  beneath  the 
sea,  then  we  have  abundant  testimony  to  the  extraordinary  richness 
)f  this  carbonic  anhydride  gas  in  the  original  atmosphere  of  the 
^arth,  before  it  had  been   extracted,  by  virtue  of  its   affinity  for 
:he   lime  of  calcic  silicates,  and  imprisoned  in  the  solid  form  in 
limestone   strata.      And   the   same   evidence  moreover  shows    that 
t  has  been  continually  diminishing  in  amount  from  the  earliest  to 
:he  most  recent  geologic  times. 

Influence  of  increased  Solar  and  Terrestrial  energy  on  the  rate  of 

Geologic  Change. 

1.  Disintegration  by  carbonic  anhydride. — One  does  not  know  what    • 
proportion  of  the  c&rbonic  anhydride  which  is  effective  iu  Uwi  d\^- 
nte^ntion  of  rocka  ia  directly  dissolved   by  rain-water  from  \.\v^ 
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atmosphere,  and  what  proportion  is  furnished  by  that   oonstant 
carbonic  anhydride  generator — decaying  vegetable  matter. 

That  directly  dissolved  would  increase  with  the  increased  amotmt 
of  carbonic  anhydride  present  in  the  air,  but  it  would  on  the  other . 
hand  be  diminished  by  the  higher  temperature  which,  as  we  shall  = 
show,  the  earlier  rain-water  possessed;  and  as  the  subterranean 
waters  were  also  in  the  earlier  periods  warmer  than  they  now  are^ 
the  quantity  of  carbonic  anhydride  absorbed  by  them  wonld  alao 
be  for  this  reason  less.  It  is  thus  impossible  to  say  whether  the 
presence  of  an  excess  of  carbonic  anhydride  in  the  air  would  do 
more  than  very  partially  compensate  for  its  diminished  solubility  in 
water  warmer  than  the  present. 

2.  Denudation  by  rain  and  rivers. — As  the  rate  of  this  depends 
ceteris  paribus  on  the  amount  of  rainfall,  we  have  now  to  inquire 
how  far  this  quantity  would  differ  in  the  earlier  from  that  of  the 
later  geologic  times. 

Tlie  rainfall  is  the  result  of  the  difference  in  temperature  met 
with  in  passing  from  the  equator  to  the  poles  and  from  the  surface 
of  the  earth  to  the  higher  regions  of  the  atmosphere. 

Owing  to  increased  radiation  from  the  sun,  our  earth  must  have 
possessed  a  higher  temperature  all  over  its  surface  in  the  earlier 
geologic  periods,  and  in  addition  to  this  a  more  extreme  differenoe 
in  temperature  must  have  existed  between  the  poles  and  the  equator. 
The  ratio  of  this  difference  would  of  course  remain  the  same,  siuoe 
that  depends  on  an  unvarying  cause,  but  the  actual  differenoe 
would  be  much  greater,  as  also  would  be  the  difference  between  the 
temperature  at  the  surface  of  the  earth  and  in  the  higher  regions  of 
the  atmosphere.  The  general  elevation  of  a  constant  temperature- 
difference  to  a  higher  temperature  level  would  of  itself  be  sufficient 
to  cause  increased  evaporation  and  greater  rainfall.  As  an  illustra- 
tion of  this  let  us  mix  together  1  cubic  inch  of  air  saturated  with 
aqueous  vapour  at  100°C.  with  another  cubic  inch  saturated  at  60°  C, 
a  difference  of  temperature  of  40°  C.  The  result  will  be  that  4*1 
grains  of  water  will  be  precipitated.  Now  let  us  take  1  cubic  inch 
saturated  at  66-5°  C.  and  mingle  it  with  1  cubic  inch  at  16-5'^  C,  a 
temperature-difference  greater  than  in  the  first  case,  viz.  50"^  C.  The 
condensed  aqueous  vapour  will  now  weigh  only  1  grain ;  one  quarter 
the  quantity  of  the  former  instance. 

Thus  a  merely  equable  elevation  of  the  earth's  temperature  would 
suffice  of  itself  to  produce  greatly  increased  rainfalls,  —greater  not 
simply  in  proportion  to  the  elevation  to  a  higher  temperature  level 
of  the   temperature-difference  on  which   they  depend,   but  in   an 
increasing  ratio ;  and  when  to  this  we  add  the  effects  of  an  actual 
increase  in  the  temperature-difference  itself,  we  shall  obtain  a  rain- 
fall which  will  very  forcibly  indicate  that  the  increased  radiation 
from  the  sun  must  have  had  its  full  influence  in  producing  a  more 
copious  evaporation  of  terrestrial  waters,  and  a  corresponding  con- 
densation of  aqueous  vapour. 
IL  Here  we  may  notice  in  passing,  that  the  rain  would  be  warmer 

a  than  the  present,  and  it  would  fall  upon  a  vreixm^x  lect^^Vx^V 
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;  tbe  difference  in  temperatnre  might  not  be  very  great,  but 

it  ^would  exist   From  the  increased  rainfall  would  necessarily  follow 

%  more  rapid  corrosion  of  the  general  surface  of  the  land,  and  a 

speedier  degradation  of  its  general  level.    The  sculpturing  of  hills 

nd  Tallejs  and  the  delivery  of  detritus  to  the  sea  must  have  pro- 

cseded  at  a  swifter  rate ;  and  indeed  all  the  activities  of  rain  and 

vrers  would  be  stimulated  to  relatively  greater  energy. 

8.  Bnbierranean  WaUrs. — Not  only  would  the  amount  of  these  be 
ngmented  by  the  increased  rainfall,  but  they  would  be  influenced 
ly  the  higher  temperature  of  the  earth's  crust ;  thus  in  the  present 
period  percolating  water  must  descend  on  the  average  51  feet  below 
the  lone  of  constant  temperature  in  order  to  rise  1^  in  temperature ; 
iOOO  years  after  the  permanent  incrustation  of  the  earth,  the  same 
teoent  would  be  accompanied  by  an  elevation  of  5^  in  temperature. 
4.  Marine  Denudation,     Hie  Waves. — The  difference  of  tempera- 
tare  which  produces  the  rainfall  also  drives  the   winds  in  their 
otHirses,  just  as  tnily  as  the  difference  in  temperature  between  the 
Ixnler  of  a  steam  engine  and  the  external  air  drives  the  piston. 
Aogment  the  difference  and  the  winds  will  flow  faster  and  more 
▼iolendy,  just  as  certainly  as  fresh  fuel  will  urge  the  engine  with 
greater  activity.     Thus  the  denudation  accomplished  by  the  winds 
will  also  be  accelerated,  especially  that  disintegration  of  sea-cliffs 
which  they  produce  indirectly.    For  it  is  the  winds  ruffling  the  ocean 
which  produce  the  sea- waves,  and  it  is  the  energy  of  these  directed 
to  the  battering  down  of  the  cliffs  along  every  coast-line  which  pro- 
duces a  great  part  of  the  work  of  marine  denudation. 

Tides. — These  are  due  to  the  rotation  of  the  earth  between  the 
attracting  bodies  of  the  sun  and  moon,  and  since  this  i*otation  must 
have  been  more  rapid  the  further  back  we  recede  in  time,  so  must  it 
have  conferred  greater  energy  on  the  actions  of  the  tides.     Let  the 
Telocity  of  the  earth's  rotation  be  doubled,  and  the  tides  will  rise 
four  times  instead  of  twice  in  every  twenty-four  hours,  and  with 
greater  frequency  will  attain  also  greater  velocity.     But  it  is  the 
tides  and  tidal  currents  which  are,  amongst  others,  the  most  per- 
sistent agents  in  coast-line  transportation ;    and  thus  the  detritus 
produced  with  increased  rapidity  by  the  disintegrating  actions  of 
the  rain  and  waves,  will  be  with  corresponding  rapidity  carried 
away  to  preserve  the  coast-line  constantly  exposed  to  renewed  decay. 
Marine    Currents. — All   these,  excepting  those  produced   by  the 
tides,  are  ultimately   due  to   differences   in   temperature  on  which 
the  vnnds  also  depend,  and  thus  will  likewise  flow  with  accelerated 
velocity,  and  consequently  their  influence  as  transporting   agents 
will  be  correspondingly  exalted. 

Deposition. — ^The  rate  of  deposition  is  always  directly  proportional 
to  the  rate  of  denudation,  and  may  be  said  at  any  particular  time  to 
equal  it.  Thus  any  increase  in  the  rate  of  denudation  will  he 
necessarily  accompanied  by  a  corresponding  increase  in  the  deposi- 
tion of  sediment  If  we  look  for  any  direct  proof  of  this,  there  is 
but  little  to  be  found.  Trof.  Phillips  has  shown  that  the  pYO\>OTl\ow 
of  the  number  of  fossil  species  to  the  thickness  of  its  strata  eo\i- 
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st.mtly  (linunishes  as  wo  pnicceil  frora  the  more  recent  to  the  olJer 
1  ■■1;<:  mill  certainly  the  length  of  time  inquired  for  the  fonnaiion 
«-;  O.c  Palwuzoic  rocks,  calculated  according  to  their  thickness  and 
t!. '  rate  of  existing  piocesses  of  deposition,  woidd  be  far  iu  excea 
<•;  ili.it  (lorivetl  fmin  a  c«»nsidon»tion  of  the  changes  in  their  fL»&?i! 
f  I  iii.-i.  That  tills  might  imlicatc  a  quicker  rate  of  deposition  I 
).  lilted  out  in  my  lectures  two  years  ago.  while  a  previous  writer 
li  -  emloavoured  to  juwe  the  converse  proposition,  viz.  that  the 
ri  i:god  ])ro))ortion  imlicates  that  the  rate  of  variation  amongft 
af.iiiials  and   plants   must   have   progressively  increased  from  tlie 

V  vlivst  to  the  latest  times.  Ceilainlv  the  continual  increase  of 
lis  ■  .>um  total  of  species,  an  increase  only  partially  checked  by  the 
r'^-iiietion  ijf  some  species,  will  give  greater  opportunities  for 
\i.:iatinn;  hut  heyond  this  there  appears  but  little  to  explain  a 
)»i  j;ressively  increasing  nito  of  variation  which  should  a£fect  all  tlie 
p-  .1  classes  of  animals  alike;  and  since  the  organic  world  seeui» 
t-  rliangr  much  less  (juickly  than  tho  mineral  one,  one  feels  much 
ii.  I-.'  inclined  to  attribute  the  greater  thickness  of  the  older  rooks,  iu 
]'.=  jmrtion  to  the  number  of  their  contained  species,  to  an  accele- 
1  i:-']  rate  of  iloposition.  than  the  contrary.  If  this  be  the  correti 
\'.\\\  and  the  change  in  proportion  be  available  as  a  means  tf 
ii.'  i.snrcjnent.  we  shall  then  find  that  the  Palaeozoic  rocks  vere 
il-jisiled  three  times  as  i-aj)idly  as  the  Cainozoic  strata,  since  thev 
( '  n'.:\\\\  one  (juarter  the  number  of  8i)ecies  of  fossils  for  the  same 
^i\'  11  thickness  of  rooks. ^ 

//'  inmorphotiis, — This  results  from  tho  descent  of  sediments  towarns 
tl  •■  iineri(»r  of  tlu'  earth,  by  which  they  become  exposed  to  a  tempera- 
ti:.'-  liigh  enough,  un«ler  the  circumstances,  to  alter  their  character. 
'1  i.-  ri-adier  metamorphosis  of  the  earlier  rctcks  follows  naturally 
fi  1.1  the  more  rapid  rise  of  temperature  which  then  occurred  for  a 
«:''.  Ji  descent  iiit«i  the  earth's  crust  from  its  surface,  and  from  the 
^'p  t«r  activity  of  cnist-movements,  which  wo  shall  show  cbarac- 
\\\'-/.<:i\  the  earlier ejMK'hs. 

I'sing  Sir  William  Thomson's  estimates  for  an  illustration  of  the 
f«  i:ii«'r  influeiiei  s,  we  find  that  4.()00,0U0  years  after  pennanently 
11'  rusting,  tho  tem])orature-incroase  for  every  foot  descended  into 
ti  ■  i.rust  is  -/„  :  jiiid  thus  a  descent  of  ixicks  100,000ft:  from  the 
si:rr.,iM» — by  no  means  an  imjirobable  amount — would  bring  them  into 
n;;;.  .lis  the  temperature  of  which  would  at  least  amount  to  10,0l>C»''F., 
b\  which  of  course  they  would  necessarily  be  fused  and  re-absorbeil 
into  tho  melted  interior  of  the  earth. 

'  Tlio  studious  n-fi'ij T  \vh"  dt •^Jin•«  to  tnttr  more  fully  into  this  question  of  tlu 
*■  I;  t.-  of  (J«Mil«i;rif:ii  (■|i:iiiL''f  ■"  >houl«l  couMilt  I'rof.  Huxley's  Ih-esidentinl  Addn-!' 
!■.'•:  fif-tilo^'iral  Siicicty   nsriD).  Iju.-irt.  Journ.   (Jrol.  Soc,  vol.  xiv. ;  Prof.  E 

V  '  • "  '*  Hn  tlio  Manilfsl.itioii  ot  I'olarity  iu  the  I)i>trihuti()n  of  Orpinizcti  Ri-inC' 
in  'rinu'"  (Royal  In-jf.  I.«.Ttun-.  vol.  i.' p.  4'2s) :  Prol".  Phillips*  Rt-do  lecture 
r.n  .'i?i(l;:r,  1850,  altifrwards  j)nMi>]nMl  l)y  Matmillim  under  the  title  "  Life  on  tin 
K;  .-Ii,"  1860;  and  an  uldc  article  by  Mr.  II.  M.  Jenkins,  F.G.S.,  Sec.  Royal  A^ri 
S... .  of  Enjrland  "<)n  tin-  Rat*-  oi '  Geolojrical  Change,"  Quart.  Jouni.  Scieno 
1^7l»,  vul.  vii.  p.  322. — Edit.  GtuL.  Mau. 
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Hie  Lanrentiaxi  strata  were  clearly  never  exposed  to  a  temperature 
lib  this,  hvX  it  is  quite  coDoeivable  that  their  wide-spread  and 
ntreme  state  of  metamorphosis  may  be  oonneoted  with  the  early 
dito  of  their  origin. 

tUwUian  and  Depression  of  Strata. — ^The  movements  of  the  earth's 
cnat  are  generally  allowed  to  be  due  to  the  loss  of  heat  from  within 
it  whether  by  the  wrinkling  or  the  crushing  of  the  crust  on  a  con- 
tacting nnoleas,  or  by  any  other  means.  But  at  the  beginning  of 
geologic  time  the  temperature  was  much  more  elevated  above  that 
of  its  sozTonnding  medium  than  at  present,  and  consequently  cooling 
or  the  loss  of  heat  must  have  gone  on  more  rapidly  than  at  present, 
lod  from  this  follows  a  more  rapid  progress  of  those  movements  of 
ophesval  and  subsidence  depending  on  this  cooling.  Thus  elevation 
and  depression  of  strata  must  have  occurred  with  greater  rapidity  in 
the  earlier  than  in  the  later  stages  of  our  planet's  history. 

Aomnary. — We  have  now  shown  that  the  decreasing  energy  of 
the  sun  and  of  the  earth  must  have  led  to  diminishing  rapidity 
in  the  action  of  three  of  the  main  faQ|x)rs  of  geologic  change,  viz.  on 
the  denmdaiiou,  reproductionf  and  the  elevation  and  depression  of 
Btrata. 

In  spite  of  all  fluctuation  resulting  from  more  than  usually  rapid 
conversions  of  potential  into  kinetic  energy,  the  loss  of  energy 
continually  proceeds,  and  as  continually  is  accompanied  by  a 
decrease  in  the  rate  of  geologic  change,  just  as  certainly  as  the 
greater  periodical  activity  in  the  solar  radiation  once  every  11*2 
years  givea  rise  to  exactly  opposite  results. 

If  then  denudation  and  deposition  take  place  with  accelerated 
velocity  as  we  recede  from  the  present  time,  how  great  is  the 
mistake  of  attempting  to  check  the  results  as  to  the  age  of  the  world 
obtained  by  the  physicist  with  those  deduced  by  the  geologist,  as 
though  the  methods  of  both  were  independent  of  each  other,  while 
all  the  time  the  latter  proceeds  upon  the  assumption  that  the  rate  of 
geologic  change  has  on  the  whole  been  always  constant,  and  the 
former  disproves  this  in  a  corrollary  to  his  chief  argument;*  To 
adapt  an  analogy  of  Prof.  Stuart's,  one  is  told  that  a  certain  boy 
grows  A-th  inch  in  a  year,  and  that  he  is  four  feet  high;  the 
geologist  then  argues  ten  years  to  grow  1  inch,  480  years  for  four 
feet,  therefore  the  boy  is  480  years  old.  On  a  person  who  knows 
more  about  the  boy  in  question  coming  forward  to  inform  us  that 
when  he  was  younger  he  grew  much  faster,  and  that  after  all  his 
age  is  only  ten  years,  the  geologist  replies,  It  may  be  so,  let  me 
see,  iVth  of  an  inch  in  a  year,  on  the  doctrine  of  uniformity,  1  inch 
in  10  years;  no,  you  are  clearly  mistaken,  10  years  is  far  too  short 
a  time,  the  organic  processes  of  growth  could  not  possibly  have 
occurred  in  this  time.  I  grant  you  my  own  calculation  is  not 
rigorously  exact;    let  us  say  then  our  boy  is  but  400   years  of 

age. 

Is  this  an  unjust  parallel  ? 
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rust,  as  the  following  fact  illustrj 
the  upper   light-house   at  Tayport   to  a   ] 
westward,  there  is  a  break  in  the  line  of  cli 
uninterruptedly  forms   the   margin   of  tlie 
occupied  by  a  series  of  gravel  terraces,  whi 
above  the  reach  of  the  tide,  succeed  each  o 
hill-sides  in  rises  of  from  five  to  ten  feet,  an 
is  equal  in  height  to  two  or  three  of  these 
that  it  must  have  formed  the  shore-line  durir 
of  the  land  to  which  they  bear  testimony, 
line  still.    But  whether  the  land  rose  per  sc 
terrupted  gradual  motion,  the  sea  has  left  1 
presence  in  the  form  of  a  line  of  great  clifft 
along  all  the  hills,  between  150  and  200  feet 
of  the  Ordnanoe  Survey.     In  colouring  the 
have  adopted  the  higher  level,  in  order  to  e 
the  district  when  the  ELames  were  covered  by  t 
That  these  waterwom  gravels  and  sands  i 
suggested,  ancient  deposits  of  the  Tay,  is,  I  thi 
late  Dr.  William  Hlund  made  a  careful  estin 
the  estuary,  and  found  that  seventy-five  per  c( 
fragments  of  the  rocks  along  its  margin ;  wh 
the  constituents  of  the  Eames  are  nearly  all  ff 
indeed  little  doubt  that  we  owe  to  the  anci( 
duction  into  this  district  of  the  materials  wh 
As  they  slowly  drew  back  over  the  lowh 
gradually  buried  hill  and  valley  under  a  thi( 
which  they  carried  on  their  surface,  with  ^ 
and  granite  from  the  Highland  mountain  «  ^'^  ^^- 
and  Old  "R'*''  ^'    " 
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It  is  eTident  from  the  preeenoe  of  the  raised  gravel  beaches  pre- 
▼ioasly  deecribed  that  after  the  final  retreat  of  the  glaciers,  the  land 
of  this  district  must  have  been  submerged,  or,  which  is  much  less 
probable,  had  risen  as  the  glacier  withdrew  towards  the  mountains ;  at 
any  rate,  whether  it  went  down  mantled  with  moraine  matter  and 
thai  rose  again,  or  simply  rose  out  of  the  sea  after  the  ice-sheet  had 
for  ever  withdrawn  from  its  shores,  foot  by  foot  every  part  of  it 
would  successively  form  the  sea-beach,  at  first  or  at  last  the  sea- 
beadi  of  the  mainland,  but  for  the  most  part  of  an  archipelago  of 
little  islands  through  which  the  waves  of  the  North  Sea  rolled  to- 
wards the  hills  of  Angus  and  Perthshire.  We  can  readily  imagine 
bow  that  old  ocean  would  sweep  the  stones  left  by  the  ice  against 
the  rocks  and  over  each  other,  rolling  them  backws^:^  and  forwcurds 
over  its  changing  beach,  wearing  and  rounding  them,  and  spreading 
them  over  its  bed,  the  lighter  fragments,  the  fine  gravel  and  sand, 
away  out  in  its  motionless  depths,  the  larger  pieces  being  deposited 
nearer  the  shore,  while  great  boulders  would  scarcely  be  moved 
ataU. 

Thus,  I  think  the  various  peculiarities  of  the  construction  of  the 
**  Karnes'*  may  be  accounted  for.  The  great  mounds  of  large  unstrati- 
fied  stones,  the  ''Castle  Hill "  and  neighbouring  heights,  are  close  to 
the  shore  of  the  islands  represented  by  Newton  and  Wormit  HiUs,  in 
a  channel  where  the  waves  of  conflicting  tides  would  toss  them  con- 
stantly to  and  fro,  and  so  prevent  anything  like  orderly  stratification, 
jost  as  we  find  to  be  the  case  on  the  beach  of  any  exposed  part  of 
oar  coast.  Leaving  these  heights  in  either  direction,  wo  descend  into 
what  was  the  depths  of  that  sea,  and  find,  as  we  would  naturally 
expect,  that  in  a  general  way  the  further  we  recede  from  the  old 
sea-shore,  the  finer  are  the  materials  which  composed  its  floor  and 
the  more  orderly  their  arrangement 

Having  thus  explained  the  source  and  arrangement  of  the  materials 
which  form  our  Eames,  we  naturally  come  to  the  question  of  their 
varied  forms.    How  can  we  account  for  the  form  of  the  lofty  "  Castle 
Hill "  ?  round  the  base  of  which,  during  the  construction  of  the 
railway,  were  found  traces  of  an  artificial  ditch  containing  black 
earth  and  fragments  of  human  bones,  pointing  to  bygone  times  and 
struggles  when  its  steep  gravelly  sides  formed  a  strong  position  of 
defence.     What  force  moulded  those  billow-like  ridges  that  roll 
round  it  on  all  sides  as  if  mimicking  the  waves  of  the  ocean.    Or, 
more  puzzling  still,  whence  this  great  flat- topped  plateau  with  its 
angular  precipitous  side,  stretching  along  the  valley  like  tlie  earth- 
works of  some  race  of  giants  ?     A  tolerably  careful  examination  of 
many  of  the  slopes  and  hollows  has  convinced  me  that  the  only  answer 
is,  Kain  and  rivers  have  shaped  them  all  I     When  the  land  rose  out 
of  the  sea,  the  re-arranged  glacial  moraine  matter  would  form  either 
a  gentle  seaward  sloping  plain  from  the  top  of  its  highest  ridge  to 
the  sea-level,  or,  what  is  more  probable,  it  would  form  a  series  of 
successive  terraces  or  steps  similar  to  what  we  find  between  Newport 
and  Tayport.  The  moment  either  the  whole  or  part  of  it  was  ex^o^^^ 
to  atmospheric  intiuenoes,  the  waating  action  would  begvn  *,  t\i^  tbmi 
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falling  on  it  would  soon  find  or  form  little  channels,  whidi  won  -^^ 
grow  to  small  and  then  larger  streams  as  they  ran  seaward ;  gre^^^^ 
streams  like  the  Motray  would  soon  cut  deep  and  broad  courseBs^^' 
continually  widened  and  lowered  as  the  stream  wound  backward  ^ 
and  forwards  on  its  tortuous  seaward  way.     Daring  a  great  part  c^^ 
the  time  that  has  elapsed  since  the  elevation  of  the  land,  the  Motra^^ 
has  evidently  confined  its  channel  to  the  north  side  of  its  valley^ 
scooping  out  a  broad  and  deep  hollow,  leaving  the  great  flat-toppe<^ 
Karae  at  Straiten  to  record  the  vast  amount  of  matter  it  has  ex- 
cavated, its  fortification-like  front  being  due  to  indentations  caused 
by  the  windings  of  the  river,  which  at  present  flows  close  to  the 
foot  of  this  gieat  terrace.     While  a  large  stream  like  the  Motray 
cleared  out  a  broad  plain,  tiny  rivulets  cut  narrow  but  ever-deepening 
channels,  the  loose  rubbish  sliding  down  their  banks  frequently 
compelling  them  to  change  their  courses,  and  so  isolating  the  various 
mounds  and  ridges,  the  rain  falling  on  the  loose  materials  would 
readily  obliterate  any  appearance  of  vertical  cutting,  and  so  form 
the  rounded  tops  of  the  cones  and  backs  of  the  ridges. 

Occasionally  the  Eames  present  forms  so  peculiar  that  it  is  difficult 
to  realize  that  rain  and  running  water  alone  have  shaped  them ;  but  in 
every  doubtful  case  a  careful  examination  of  the  surroundings  satisfied 
me  that  they  have  been  moulded  by  this  action  and  no  other.  One 
feature  in  particular  I  found  very  puzzling,  viz.  the  small  lakelets 
that  often  occupy  the  deepest  hollows  among  the  Eames,  it  being 
difficult  to  imagine  any  force  that  could  hollow  out  lake-basins, 
operating  here;  and  as  the  action  of  either  running  water  or  the 
waves  of  the  sea  would  necessarily  leave  at  least  one  side  of  the 
hollow  lower  than  the  centre,  one  solution  that  presented  itself 
was  that  the  bottoms  of  the  hollows  had  somehow  sunk;  but  all  the 
observations  made  were  by  no  means  confirmatory  of  the  hypothesis, 
it  being  quite  apparent  that  a  hollow  through  which  no  stream  had 
flowed  must  have  been  filled  up  by  matter  washed  down  from  its 
banks  by  the  rain ;  indeed  not  long  ago  one  of  these  pools  was 
almost  completely  filled  up  by  the  action  of  an  unusually  heavy  fall 
of  rain  in  a  single  night.  The  solution  of  the  difficulty  is,  however^ 
simple  enough ;  the  pools  are  found  in  oval-shaped  hollows,  separated 
from  each  other,  as  well  as  from  the  drained  areas,  by  comparatively 
trifling  barriers;  their  oval  hollows  are  the  wider  parts  of  the  miniature 
valley  of  some  vanished  streamlet,  while  the  barriers  which  block  up 
their  ends,  and  so  form  them  into  basins,  are  the  narrower  parts  of 
the  valley  partially  filled  up  by  gravel  washed  down  from  its  banks, 
the  narrower  parts  being  of  course  much  more  readily  filled  up  than 
the  wider.  Other  similar  little  difficulties  as  readUy  disappeared 
upon  a  closer  acquaintance  with  them,  leaving  no  doubt  in  my  mind 
that  the  remarkable  forms  of  the  Eames  are  the  ordinary  every-day 
work  of  subaerial  denudation,  not  the  product  of  cataclysmal  waves 
of  ocean,  nor  of  glacier  nor  iceberg,  nor  of  abnormal  sea-currents, 
but  by  the  imobtrusive  unhasting  unresting  influence  of  the  rainfall. 
In  conclusion,  I  will  briefly  re-state  the  argument  of  the  paper  : — 
2, — Tbe  mounds,  ridgea,  and  terraces  of  sand,  g;rai\^\,  wA  ^Vivii^l^, 
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the  BO-called  "  Eames/'  owe  most  of  the  materials  of  which  they 
are  oompoBed  to  the  ancient  glaciers. 

2. — These  materiaLs  were  spread  over  the  bottom  of  the  sea  when 
it  was  at  a  higher  level  than  at  present,  and  in  the  ordinary  familiar 
oonrse  of  nature. 

S. — ^The  "Kames"  owe  their  present  forms  not  to  any  abnormal 
action  of  the  elements, -but  are  the  result  of  the  same  denuding  agen- 
cies that  are  at  present  in  operation. 


UL — ^NoTEs  ON  FouE  Spioibs  of  Scottish  Loweb  Silurian 

Bbaohiopoda. 

By  T.  Davidson,  F.E.S.,  F.G.S.,  etc. 

(PLATE  II.) 

G^nus  SiPHONOTBXTA,  Dc  Yemeuil. 

Of  this  remarkable  genus  several  species  from  the  Lower  Silurian 
looks  of  Bussia  have  been  well  described  and  illustrated  by  Eichwald, 
Pvider,  de  Yemeuil,  Eutorga,  and  others,  to  whose  works  and 
pmn  the  reader  is  referred.^ 

In  1849  Prof.  Morris  described  a  species  from  the  Upper  Silurian 
€r  Wenlock  Shale,  near  Dudley,  to  which  he  gave  the  name  of 
JmgUea^  In  1851  Prof.  M'Coy  made  us  acquainted  with  a  much 
nudler  species,  S.  micula^  which  abounds  in  the  Llandeilo  flags  of 
Tarious  English,  Scottish,  and  Irish  localities. 

About  two  years  ago  Mrs.  Gray,  an  indefatigable  collector  of 
Scottish  Silurian  fossils,  to  whose  liberality  I  am  deeply  indebted, 
discovered  in  the  Caradoc  Limestone  or  Shales  of  Craighead  Quarry, 
in  Aryshire,  several  incomplete  examples  of  a  third  species  which 
the  kmdly  placed  in  my  hands  for  description  and  illustration. 

It  is  not,  however,  possible,  from  the  crushed  and  fragmentary  con- 
dition in  which  these  specimens  have  been  found,  to  describe  tlie 
shell  completely,  or  to  refer  it,  with  any  degree  of  certainty,  to  the 
Bossian  species  already  noticed.  It  will  consequently  be  better, 
I  think,  to  give  to  this  Scottish  species  a  provisional  separate 
designation. 

1.    SiPHONOTKETA   ScOTICA,  U.  Sp.  ?      PI.  IT.  FigS.  5,  6. 

Shell  oblong  oval,  anterior  half  broadly  rounded ;  posterior  half 
tapering  (in  the  ventral  valve)  into  an  acuminated  beak,  perforated 
at  its  extremity  by  a  small  circular  foraminal  aperture.  Valves 
moderately  convex  and  marked  with  numerous  concentnc  ridges, 
from  which  fringes  of  closely- packed  adpressed  spines  take  their 
rise,  which,  although  more  numerous,  partake  of  the  character  of 
Hnoee  figured  by  Kutorga  in  pi.  vi.  fig.  26.  of  his  Memoir  already 

*  Eichwald,  Zoologia  Specialis,  vol.  i.  p.  274,  1829.  Von  Buch,  Beitni^'e  zur 
Bertunmmig  des  Gebirgsformation  Russlnuds,  1840.  Kutorga,  Ueher  die  Siphouo- 
tovtea;,  1848.  DeVeraeuil,  Geol.  of  Russia,  vol.  ii.  1845.  Davidson,  British  Fossil 
Bnuihiopoda,  vol.  i.,  Introduction,  p.  131,  1853,  and  vol.  iii.  Sil.  Mou.  p.  75. 

*  Monis,  Annals  and  Mag.  }sat.  Hist.  toL  iv.  No.  23,  p.  316,  Nov.  IS49. 

*  M^Oof,  Annals  and  Mag.  Nat  Hist.  toL  viii.  p.  389,  1851. 
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qnoted.^  These  tubular  spines  measure  about  one  line  in  length  and 
are  seemingly  straight  and  smooth,  and  do  not,  any  more  than  those 
figured  by  Kutorga,  show  that  peculiar  moniliform  oharacter  so  well 
described  and  figured  by  Morris  in  the  much  longer  spines  of  his* 
Siph.  Anglica.  Mrs.  Gray's  largest  specimen  would  not  exoeed 
seven  lines  in  length  by  six  in  breadtl^  aud  has  much  the  general 
shape  of  young  specimens  of  SipK,  unguiculatd. 

Before  dismissing  the  subject  of  tlie  structure  of  SiphonotretOf  I 

^  Prof.  W.  King  has  kindly  faTonred  me  with  the  following  remarki  he  had  made 
on  the  shell  and  spines  of  one  of  the  Bossian  species : — **  The  Talye  of  Siphoiutnttf 
as  stated  hy  Kutorga,  consists  of  a  dermis  of^a  homy  nature,  an  inner  periaoeom 
layer,  and  an  intermediate  one  of  considerable  thickness,  and  containing  caleareoai 
matter.    Prohahly  an  analysis  would  determine  the  presence  of  phosphate  of  lime  in 
the  valyes,  as  in  those  of  LingiUa  and  Diteina.    The  dermal  layer,  the  only  one  that 
could  be  tried,  slightly  effervesces  on  the  application  of  acid:  the  same  test,  howerer, 
discloses  abundance  of  lime  in  the  casts  of  the  fossils.    Morris  has  noticed  that  the 
yalves  have  a  distinctly  *  perforated  structure  * ;   also  that  their  outer  sur&ce  is 
ornamented  with  numerous  tubular  spines,  generally  arranged  in  a  Tery  regolu 
order,  leaving,  when  broken  off,  sligntly  projecting  hollow  tubercules  in  then 
place.    He  does  not  mention  that  the  spines  are  contmuous  with  the  perforations; 
out  it  may  be  inferred  that  this  peculiarity  was  not  unsuspected  by  him.     The  spines 
in  the  specimens  of  Siphonotrtta  unguieiUatm  under  observation  are  only  preserved 
on  portions  of  the  valves  near  their  margin ;  elsewhere  their  presence  is  indicated 
by  minute  tubercules  or  pimples.    It  was  wese  that  led  De  Verneuil  to  characterize 
the  shell  *  a  surface  chagrin^.'    Between  the  pimples  the  surface  is  marked  with 
fine  raised  reticulating  lines.    The  tubidarity  of^the  spines  is  indicated  by  an  opaque 

medial  line  in  the  midst  of  their  subtrans- 
Fig.  A.  X  106.  lucent  substance  (Fig.  A.).     The  spines,  when 

transversely  truncatra,  exhibit  very  clearly  the 
position  of  their  contained  tube;  besides,  the 
pimples  frequently  show  a  hollow,  correspond- 
mg  tQ  the  tube,  in  their  centre.  The  inner 
surface  of  the  valve  is  marked  with  regular 
cup-shaped  depressions  (eminences  on  a  cast  of 
it),  containing  in  their  centre  a  minute  deep 
cavity  (Fie.  B.^ ;  which  is  doubtless  continued 
through  the  tnickness  of  the  valve  into  ^e 
tube  of  the  external  spines,  but  the  connexion 
is  not  satisfactorily  exhibited,  evidently  through 
molecular  changes  which  the  intormcK&ate  layer 
of  the  valves  has  undergone.  From  the  pre- 
ceding remarks  it  will  be  seen  that  the  spinoRe 
Fiff  B   X  106  pecuharities  of  Siphonotreta   unguieulata^  in- 

^'     '  *  stead  of  being  simply  dermal  processes,  as  is 

the  case  in  Biaeina,  are  of  the  nature  of  those  known  to  characterize  Produetu*^ 
Strophaloiioj  Rh,  spvtosa,  and  some  other  Palliobranchs.  Whether  the  tubularity  of 
the  spines  in  Sip/^onotrcta  and  the  fossils  just  named,  is  homologous  to  the  perforated 
shell  structure  common  to  Terebratula^  Spiriferinay  and  other  genera  of  their  class,  is  a 
question  which  does  not  seem  to  be  sufficiently  advanced  for  determinution  at  present. 
Often  the  hollows  on  the  inner  surface  of  the  valve  contain  a  dark-coloured  infilling ; 
and  frequently  they  are  charged  with  a  greenish  subtranslucent  mineral  substance, 
which  certain  Canadian  Eozoonitcs,  unnecessarily  anxious  to  meet  with  a  cose  of 
the  kind,  would  probably  regard  as  serpentine ;  but  without  denying  the  possibility 
of  such  a  methyUsed  product  occurring  us  a  fossil  infilling,  the  substance  in  question 
seems  more  likely  to  be  one  of  the  numerous  varieties  of  glauconite ;  or  possibly,  it 
may  be  related  to  apatite,  and  derived  from  the  phosphate  of  lime  of  which  the 
shell  structure  of  Siphonotreta  was  to  some  extent  onginally  composed.  The  hollows 
in  the  pimples,  on  the  outer  surface,  are  also  often  filled  with  the  same^  substance ; 
which  tact  may  be  offered  as  further  supporting  the  conclusion  that  there  is  a  tubular 
cojinexjon  between  the  inner  and  the  outer  sunace  oi  the  vslveA?" 
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may  mention  that  althongh  the  external  character  of  the  genus 

and  some  of  its  internal  ones  have  been  carefully  described,  the 

qnestions  as  to  its  affinities  and  muscular  arrangements  offer  great 

iSifficolties  which  the  material  in  our  possession  does  not  allow  us  to 

tolve  in  a  satisfactory  manner.    The  form  and  character  of  the 

perforated  beak  has  been  well  described  by  Kutorga,  and  in  pi.  vL 

fig.  4d  and  c,  and  in  fig.  Ic  and  <2,  are  drawn  internal  casts  of  SiphO' 

notnta  unguictdata  and  S.  fomicataj  in  which  it  is  seen  that  the 

muscular  scars  occupy  a  small  space  in  the  umbonal  portion  of  the 

interior  of  both  valves ;  but  he  fails  to  define  these  impressions  or 

explain  their  functions. 

Daring  his  recent  visit  to  Brighton  I  asked  Prof.  F.  Schmidt  if 
be  oould  procure  me  a  sharply-marked  and  well-preserved  internal 
cast  of  Siphonoireta  unguictdata,  and  on  his  return  to  Reval,  in  his 
uaal  kind  and  obliging  manner,  he  lost  no  time  in  sending  me  the 
oast  (Fig.  7)  from  the  Lower  Silurian  Rocks  (his  "  Schicht  Id  ")  of 
RevaL  Of  this  cast  Figs.  8  and  10  are  carefully  enlarged  represen- 
tations, 9  and  11  gutta-percha  impressions  taken  from  the  cast,  and 
likewise  enlarged,  to  show  in  an  approximately  correct  manner  the 
character  of  the  interior  of  both  valves  of  the  shell  itself. 

After  having  made  these  drawings,  I  submitted  them  and  the  cast 
to  Prof.  King,  in  order  to  have  likewise  his  valuable  opinion  on  the 
labject ;  but  although  the  impressions  were  tolerably  well  defined, 
nei^er  of  us  could  interpret  them  as  we  might  have  desired,  and 
more  material  will  be  required  before  that  can  be  satisfactorily 
achieved.  It  is  quite  evident,  however,  that  the  genus  belongs  to 
King's  division,  Tretenterata,  or  to  that  group  of  Brachiopods,  such 
as  Ungula^  which  are  destitute  of  an  anal  aperture ;  and  it  appeare<l 
to  both  of  us  that  the  specimens  we  have  been  able  to  examine  favour 
the  idea  that  Siphonoireta  is  more  closely  related  to  Obolua  and  Discina 
than  to  Monomerella,  though  the  last  genus  may  still  lay  some  claim 
to  being  its  kindred.  We  all  know  that  Obolm  has  a  large  muscular 
Bear  (a)  close  to  and  at  each  end  of  the  edentulous  hinge  in  both 
valves  ;  each  scar  is  separated  from  another  one  (b)  much  elongated 
by  a  ridge  (c).  Prof.  King  thinks  the  two  ridges  are  present  in  the 
valve  of  Siphonotretaf  and  though  the  evidences  on  the  valve  are 
perplexing,  there  being  appearances  of  two  scars,  or  a  compressed 
one,  situated  at  the  origin  of  the  ridge,  the  evidence  is  somewhat 
in  favour  of  the  scar  belonging  to  or  representing  the  scar  (a) 
in  OholuB.  That  in  Obolua  the  large  scar  (a)  is  well  pronounced, 
lying  outside  of  and  distinctly  separated  from  the  ridge.  In  Discina 
there  are  two  posterior  adductor  muscles,  leaving  strong  scars  simi- 
larly situated,  and  which  Prof.  King  considers  to  correspond  to  those 
of  (a)  in  Obolus.  If  this  is  a  correct  interpretation,  as  regards  the 
8cars  at  the  origin  of  the  ridge  in  Siphonoireta,  the  affinities  of  this 
genus,  as  above  stated,  will  be  more  on  the  side  of  Obolus  and  Discina 
than  of  Monomer ella.  Monomer ella,  as  has  been  stated  elsewhere 
by  Prof.  King  and  myself,  does  not  appear  to  have  posterior  adduc- 
tors, but  they  may  have  been  atrophied,  thus  causing  the  genus  to  \i^ 
a  hitle  more  removed  than  Siphonoireta  from  Obolus  and  Discina. 
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Tiin  Timpciihr  iiiipreisloiia  iu  OboluM  are  mows  a»r«a'}  out  thmm 
cHlii-T /J/aci  (III  or  ^'/('Jionofrefci.aiidPwf.  King  lUiakMtWtb  in  iliffereuw 
i[p[<i.'tii's  10  he  ('.\i>I:iiued  thua  :  tlie  Utero-ctuxliiiid  ttcun  in  Stphonalrtbi 
iitv  iiiiii'i' I'i'.iu.li'.l  t[>g«tlier  than  they  are  in  OMuk,  and  the  centrd 
imiji'i'iiii^  I'  'Vii  'II  of  the  uudtircut  ' speotacle '-like  impreRslDos  in 
Ohii/iin  '.lA'  iiii'i'  tiiore  to  the  anterior  margin  of  the  v&lve  tbua  tlie 
toiTL-si"jii.]iii^'  iiiij.reBBionB  in  Siphonotreta. 

2,  Lrs-(;L-i.\  <_\sadki(bih,  Billings  (?).    PI.  II.  Figs,  t  ia.  b. 
Lliig'ila  C<inaih-H!'i^,  Billings,  Geological  Survey  of  Canada,  Fouik, 
vul.  i.  ]i.  111.  lig.  95,  June,  1862. 

Of  llii.--  lii-p'  :iud  beautiful  Liugvla  Mrs.  Gray  has  found  one  ia- 
cninjpli'ii'  1  \,ii]]]'I'  ,  It  was  obtained  from  the  Breocia-oonglomerate 
of  liiilili.iilil-'.  If  ir  Girvan,  in  Ayrshire.  This  conglomerate  reeM 
Ujiuu  llif  i-"lI.  iii  I Iiilcletohie,  which  gome  geologists  havo  oonsidered 
Ui  bo  itfLl'uiik-ilu  age. 

It  is  nut  ]ii>»^sililc>  to  describe  the  complete  shape  of  the  fossil, 
bt-'oaUKu  the  two  nntarior  thirds  of  its  valves  are  alone  preserved.  It 
hotvuvor.  sr>  ncmly  agnea  in  siaa.  shape,  and  eoulpture  wili  tli* 
fiKisil  (k'si-iilM?,!  aud   figured  by  Billing  from  the  Hndgon  Biver 

glMUp    .<r   Aijliroili,    Ihiit    \v._.   ]i;iVL'    l!i...iighl  it  lUvki-iiMo    I.,    lv,,v,' it 
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Sheet^  This  paper  will  doubtless  call  forth  a  nnmber  of  equally 
elaborate  answers :  and  this  is  welL  But  if  Mr.  Gk)odchild  has  t 
fine  goose  fattened  on  the  Limestone  terraces  of  Wenaleydale,  I  ban 
an  equally  fine  gander  reared  on  Gritstone  terraces  in  Derbyshire: 
and  if  a  frozen  sauce  of  regelated  snow  from  wintry  storms  of  the 
Great  Ice  Age  is  good  for  one,  it  is  equally  good  for  the  other; 
Dropping  metaphor,  there  is  no  difference  between  terraces,  mainly 
of  limestone,  in  Wensleydale,  and  other  terraces,  chiefly  of  grit,  that  i 
are  found  over  all  the  Millstone  Grit  area  of  South  Yorkshire  and 
Derbyshire,  saving  that  while  limestone  predominates  in  the  oney 
beds  of  grit  do  in  the  other.  If  an  ice-sheet  carved  out  the  terraoea 
of  the  Limestone  Dales,  it  equally  did  those  of  the  rest  of  Yorkshin, 
Derbyshire,  and,  may  I  not  add,  of  Cheshire  and  Staffordshire ;  yet 
no  sober-minded  man,  looking  at  these  terraces,  over  so  large  an  aresi 
rising  and  falling  ^vith  every  change  in  the  inclination  of  the  bedi,  j 
but  ever  following  the  dip  and  keeping  to  the  bedding-planes,  could  j 
possibly  suppose  that  they  were  carved  out  by  ice-sheets.  What  in  . 
the  name  of  reason  is  to  cause  a  great  grinding  ice-sheet,  of  whoae 
vaunted  ])Owers  we  have  heard  so  much  of  late,  to  keep  to  a  bedding- 
plane  ;  much  more  to  rise  and  fall  with  the  dip  of  the  beds?  Add 
to  this  all-sufficient  objection  to  Mr.  Goodchild's  theory  the  fact  that 
over  a  great  portion  of  this  terraced  area  there  is  not  a  particle  of 
drift  or  a  single  ice-scratch,  that  has  yet  been  discovered,  to  bear 
witness  to  the  fact  of  any  ice-sheet  having  been  there  at  alL 

The  fact  that  the  terraces  conform  to  the  bedding  is  to  my  mind 
conclusive  against  the  Glacial  Erosion  theory  ;  but,  as  Mr.  Goodohild 
actually  thinks  this  an  argument  in  favour  of  his  theory,  allow  me 
to  ask  him  how  he  reconciles  this  accommodation  of  glacial  action  to 
diifereticos  of  hardness  with  the  power  of  ice  to  smooth  and  round 
oif  gnarled  crystalline  rocks,  or  to  scoop  out  rock-basins  in  tough 
Silurian  slates  quite  irrespective  of  degrees  of  hardness.     It  seems 
quite  clear  that  ice  cannot  behave  at  one  and  the  same  time  in  such 
opposite  ways ;  if  it  is  guided  in  its  course  by  such  differences  of 
hardncsH  as  occur  between  limestone  and  sandstone,  or  these  and 
shale,    it  cannot  scoop  out  rock-basins  in  total  disregard  of  such 
differences :  and  if  it  can  scoop  out  such  rock-basins,  it  will  not  be 
so  affected  in  its  course  as  to  ciirve  out  bedding  terraces. 

As  for  the  linos  of  swallow-holes  along  the  junction  of  the  lime- 
stone with  the  overlying  shale,  the  fact  that  these  exist  only  along 
this  lino  of  junction,  and  are  not  eijually  to  be  found  over  the  bare 
surface  of  the  limestone,  is  no  argument  against  the  shale  bank 
having  been  eaten  back  by  ordinary  atmospheric  agencies ;  for  it  is 
just  to  the  very  presence  of  the  shale  that  the  marked  linos  of 
swallow-holes  owe  their  existence ;  the  actual  hole  in  the  limestone 
is  generally  a  very  insignificant  matter,  mostly  a  mere  ordinary 
joint.  The  marked  swallow-holes  are  in  the  shale  itself,  and  are  due 
to  the  soft  shale  crumbling  away  and  falling  into  the  open  joints 
below,  and  so  giving  rise  to  a  funnel-shaped  hollow  much  wider  at 

>  "  Glacial  Erosion,"  by  J.  G.  Goodchild,  Geol.  Mao.,  July,  187o,  Dec.  II. 
Vol  II.  p.  323. 


4.  Lehour—On  the  Terms  "  Bemician  "  and  "  Tuedianr     19 

than  at  bottom.  Cut  back  the  shale  bank  a  hundred  feet ,  along 
length  of  the  terrace,  and  another  series  of  pits  will  begin  to 
1,  while  nothing  will  remain  to  mark  the  former  position  or 
tenoe  of  the  present  line  of  holes. 

he  loe-hobby  has  been  pretty  well  ridden  of  lato ;  it  shifts  the 
h's  centre  of  gravity,  causes  the  ocean  to  rise  and  fall,  sinks  down 
inents  into  tibe  molten  magma  on  which  they  float,  creeps  out 
1  the  north  over  hundreds  of  mile's  of  fiat ;  marches  over  moun- 
B  like  nothing,  like  the  old  soldier's  nose  in  the  fairy  tale;  grinds 
)Owder  the  hardest  rock,  scoops  out  basins  indifferently  in  soft 
cene  gravels  or  crystalline  schists,  and  yet  has  so  little  shearing 
e  that  the  upper  and  under  parts  move  often  in  diametrically 
osite  directions ;  it  eddies  rotmd  like  a  whirlpool  in  water,  turns 
k  upon  itself  with  a  kind  of  perpetual  motion,  hollows  out  combes 
Qountain  flanks  (and  every  hill-side  that  is  not  convex  is  a  combe), 
.  now  yields  to  the  soft  allurement  of  a  bed  of  shale.  One  is 
ipted  to  ask  what  feat  it  will  perform  next;  perhaps  it  will  be 
nd  to  be  the  cause  of  wide-spread  metamorphisnu     But  we  shall 
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By  6.  A.  Lbbour,  F.0.8.  London  and  Belgium,  FJt.G.S.,  etc. ; 

toxer  in  Geological  Snryeying  in^  the  UniTersity  of  Durham  College  of  Physical 

Science,  Newcaatle-on-Tyne. 

LT  the  London  Meeting  of  the  North  of  England  Institute  of 
Mining  Engineers  last  June,  I  read  a  paper  in  which  I  ven- 
ded to  put  forward  a  scheme  of  classification  of  the  Carboniferous 
;k8  of  Northumberland  which  I  believed  to  be  both  a  natural  and 
»nvenient  one.  The  leading  features  of  this  scheme  will  be  best 
derstood  by  glancing  at  the  following  table  with  which  my  paper 
Deluded. 

Table — Corbelatino  proposed  Divisions  with  Old  Ones. 


OSTHUXBERLAND,  PROPOSED. 


COAL  MEASURES. 
Gankisteb  Beds. 

Millstone  Grit. 


BERXICIAN. 


'A 


TUEDIAN. 


Synonyms. 


Coal  Measures. 

Gannister  Beds. 

f  Millstone  Grit  and 

(  Carboniferons  Limestone  in  part. 

Yoredale  Series  and 
Calcareous  Group  in  part. 

j  Scar  Limestone  Series  and 
I  Calcareous  Group  in  part,  plus 
L Carbonaceous  Group. 


)      Upper 
[       Car- 
)  boniferous. 


•I 
J 


Mid(Ue 

Car- 

boniterous. 


1 


f  Calciferous  Sandstone, 
I  or  Tuedian, 

or  Valentian, 

and  Upper  Old  Red  Conglo- 
(^     merate  in  part. 


Lnwer 
Y       Car- 
boniferous. 
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The  chief  points  insisted  on  by  nie  were, — 1 .  The  division  of  the 
Carboniferous  rocka  into  Upper  and  Lower  only, — 2.  ITie  recogni- 
tion of  tlie  Gannistcr  Beds  and  Millstone  Grit  only  aa  sabordiiiata 
incrabors  of  the  Coal-measures  Group, — 3.  The  adoption  of  the  namei  | 
Bernician  and  Tuedian  for  the  two  great  series  constituting  the  Lover 
Carlx)niferoua,  and  including  all  the  rocks  from  the  Yoredales  to  tbe 
lJp|>er  Old  Red  Conglomerate,  both  inclusive.  The  reasons  for  then  \ 
changes  need  not  be  repeated  here.  |- 

When,  in  the  discussion  which  followed  the  reading  of  this  paper,  I- 
Mr.  Warrington  Smyth  condemned  the  coining  of  new  namee  for  \ 
divisions  of  local  value,  I  had  little  to  say  in  answer  to  the  chaxgBb  i 
since  I  was  conscious  of  having  a  year  before  been  guilty  of  pro- ) 
posing  the  word  ''  Bernician  "  at  the  Bristol  Meeting  of  the  British 
Association  and  in  tlie  Geological  Magazink.     The  words  Ooal-  _ 
measures,  Gannistcr  Beds,  and  Millstone  Grit  were  as  old  as  the 
hills,  and  the  only  expressions  that  could  be  called  in  question  were 
"Bernician"  and  "Tuediau."     Of  these  the  latter  was  proposed  in 
1855  by  Mr.  George  Tate,  of  Alnwick,  who  up  to  about  ten  yetn  . 
ago  was  perhaps  the  only  man  who  had  studied  Uie  Calciferous  Sand- 
stone series  south  of  Scotland.     I  therefore  could  only  feel  responi- 
iljle  for  the  term  "  Bernician,"  and  with  an  author's  modesty  I  re- 
frained from  then  giving  that  name  all  the  praise  which  I  felt  it 
dcscrv'od.     I  am  now  no  longer  in  that  embarrassing  position,  and 
can  now  say  (what  I  then  thought)  that  the  word  is  an  excellent, 
most  appropriate,  and  convenient  one,  and  that  it  is  well  fitted  to 
come  into  general  use. 

The  fjict  is  that  it  turns  out  that  I  am  not  the  originator  of 
*'  Bernician."  Within  the  last  few  weeks  I  have  discovered  this, 
and  hasten  to  throw  the  responsibility  of  its  creation  on  the  shoulders 
of  one  wlioso  reputation  is  far  better  able  to  bear  it.  The  term  was 
proposed  in  1850  by  the  late  Dr.  S.  P.  Woodward,  who,  at  p.  4<J9  of 
his  '•  Manual  of  the  Mullusca,"  thus  defines  the  Carboniferous  portion 
of  tho  geological  column  : 

IV    rC'arboniferousl  '  ^"  ^^'""^i^'i^"-     Carboniferous  Limestone  (Shale  and  Coal). 
'  '-  i  9.  Demetian.     Coal-moasures  (Millstone,  Grit,  Coal,  etc.). 

Nothing  more  is  said  as  to  these  terms,  and  except  in  the  **  Manual" 
they  have  not  been  reprinted  anywhere  to  my  knowledge  until  1874 
■when  Karl  flayer  printed  his  table  of  sedimentary  rocks,  in  whicb 
he  eliaractcrizes  tho  Carboniferous  system  as  follows : 

III.  Kohlen-Gebilde. 
B.  Demetian  (Woodward,  1859)  {  \  *;  |;^,f,ter"er  ^'^;'^^'"  (^*^^';  ^^"^^• 
A.  Bernician  (Woodward,  18o9)  {  ^J'  ^^^H^ 

The  date  1859  is  a  niistiike.  It  was  on  seeing  this  table  a  fe^f 
days  ago  that  my  attention  was  drawn  to  Dr.  Woodward's  use  of  the 
term  Bernician.  As  no  exi)lauation  of  this  term  is  given  in  the 
Manual,  in  which,  indeed,  it  appears  but  once,  it  is  perhaps  not 
surprising  that  it  should  have  esaiped  general  attention.  That  Dr, 
Woodward  should  have  proposed  it,  that  Dr.  Karl  Mayer  should, 
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IT  the  lapse  of  many  years,  have  adopted  it,  and  I  may  add,  that 
hould  have  occurred  independently  to  a  writer  in  1875  ;  all  this 
;ood  primd  fade  evidence  that  the  name  has  something  to  recom- 
nd  it.  Before  discussing  its  merits,  however,  it  may  be  well  to 
isider  what  other  names  it  was  to  take  the  place  of.  These  we 
ly  divide  into  two  sets — A,  those  which  have  a  lithological  sig- 
ication,  and  which  only  constant  usage  can  make  us  tolerate, 
d  B,  geographical  names. 
A. — Lithologieal  names : 

1.  Mountain  Umastone.  6.  Fnsulina  Limestone. 

2.  Cvboniferons  Limestone.  6.  Anthraciferons  Series  (in  part). 
S.  Snb-Carboniferons.  7.  Carboniferian  (in  part). 

I.  Prodaetm  Limestone.  8.  Bine  Limestone  (Ualcaire  bleu). 

B.  ^Otographieal  name : 
1.  Condmaian  (in  part). 

f  the  lithological  names  No.  1  is  respectable  by  reason  of  its  age, 
it  it  is  singularly  inapplicable  to  the  numerous  districts  where  the 
Icareons  parts  of  the  Lower  Carboniferous  are  conspicuous  by  their 
oeesive  thinness  or  even  by  their  absence.  No.  3  is  usually  limited 
America  in  its  application,  and  would,  I  think,  have  no  chance  of 
ing  naturalized  with  us ;  besides,  even  American  geologists  while 
ing  it  frequently  condemn  the  term.  No.  5  is  limited  in  its  value, 
it  can  only  be  properly  used  in  connexion  with  the  presence  of 
tBuUna,  and  even  then  is  decidedly  a  bad  term,  since  that  Fora- 
inifer  is  now  known  to  range  into  the  Permian,  if  not  higher 
ill.  No.  6,  including  as  it  does  large  series  of  beds  of  doubtful 
je,  some  of  which  are  not  Carboniferous,  would,  I  think,  find  no 
pporters,  and  although  still  much  used  on  the  Continent,  is  un- 
lown  in  England.  No.  8  is  again  a  French  name,  formerly  much 
vogue,  but  as  it  is  the  most  strictly  lithological  of  the  lot,  it  must, 
venture  to  say,  be  also  the  worst  of  aU.  Against  Nos.  2,  4,  aud  7 
ei  e  is  not  much  to  say,  their  use  is  well  understood,  but  the  facts 
it  remain,  that  the  series  is  sometimes  devoid  of  limestone,  fre-  « 
lently  yields  no  Productiy  and  often  contains  no  Coal. 
It  is  curious  that  as  against  the  eight  chief  lithological  synonyms 
'  Bemician,  I  can  find  but  one  geographical  one  which  has  ever 
ien  in  common  use.  This  name,  '' Condrusian,''  was  proposed 
f  Andre  Dumont  in  or  about  1843,  and  if  equally  good  would 
lerefore  have  priority  over  Dr.  Woodward's  term.  Condrusian, 
)wever,  was  made  to  include  a  great  deal  more  than  the  marine 
ower  Carboniferous.  It  comprised  Devonian  rocks  also,  and  the 
ondroz,  whence  the  name  is  taken,  is  now  associated  in  the  minds 
I  geologists  more  with  the  latter  than  with  the  former.  Under 
iese  circumstances,  and  considering  also  that  the  term  was  probably 
leant  as  a  strictly  local  one  by  its  author,  it  will  be  well  to  place  it 
ith  the  eight  preceding  names  as  being  each  and  all  liable  to  mis- 
iterpretation,  although  no  doubt  blind  custom  will  perpetuate  the 
§8  of  some  of  them — probably  the  worst. 

Qaving   endeavoured   to   show   the   disadvantages  under  which 
ibour  the  rivals  of  "  Bemician,  **  it  is  time  to  consider  the  a4vaxi\A"^G% 
fthsl  name.    In  the  Erst  place  it  is  g'eographical,  it  is  derWei  iioux 
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that  part  of  Britain  in  which  the  beds  which  it  denotes  are  moit  i 
largely  developed,  where  especially  the  characters  marking  the^ 
series  elsewhere  are  found  associated,  as,  I  believe,  they  are  nowhesB  | 
else.  There  numerous  beds  of  limestone  represent  the  masrivB- 
calcareous  mass  of  Derbyshire ;  there  occur  the  Coal-bearing  bedi  • 
of  Hussia  and  the  Posidonamya  Becheri  shales  of  the  Culm ;  then 
the  sandstone  and  grit  facies  of  the  Series  is  most  strongly  developed;  '■ 
and  there  finally  are  the  pala3ontological  characters  of  the  Silesian, . 
Belgian,  and  Scotch  series  blended  in  an  almost  unique  manner. 
These  are  all  qualities  which  eminently  fit  Beniicia  to  be  looked  < 
upon  as  a  type  locality  or  region.     In  the  second  place,  the  name  i 

"  Bemicion  "  gives  rise  to  no  preconceived  notion  tliat  experienoe  .. 

can  prove  untrue,  it  expresses  a  geographical  truth  and  nothing  mora  - 

Dr.  Woodward  and  Dr.  Karl  Mayer  evidently  intended  to  include 
everything  between  tlie  Millstone  Grit  and  Devonian  under  the  tem 
**  Bernician,"  whereas  in  the  paper  to  which  I  have  already  referred, 
and  which  was  purely  local  in  character,  I  retained  the  name 
**  Tuodian  "  for  the  Calciferous  sandstone  series.  I,  however,  alio  "" 
showed  that  the  line  of  division  between  Ihiedian  and  fiemidan 
was  a  variable  one,  that  the  one  series  ran  into  the  other  as  it  wen^ 
and  that  moreover  the  base  of  the  Tuedians  (in  which  I  include  the 
s<;-called  Upper  Old  Bed  Conglomerate)  in  a  similar  manner  nn 
into  the  Old  Red,  and  was  not  sharply  divided  from  it  The  former 
of  these  points  I  again  urged  more  strongly  at  the  Glasgow  Meeting 
of  the  British  Association  in  September  last.  Tlie  question  left  to 
be  decided  is  this : — Is  "  Bernician  "  to  be  distinct  from  Tuedian, 
or  is  it  to  contain  it  u<9  a  subordinate  member?  This  is  not  an  eaay 
question  to  answer  at  present,  but  I  incline  to  think  that  the  litft 
will  bo  nearer  the  truth,  and  that  in  time  the  Tuedians  will  come 
to  be  looked  upiiii  as  passage-beds  from  Old  Bed  to  Beimician,  parti 
of  wliich  may  be  claimed  by  both. 

Tlio  wonl  Tuedian  which  I  employ  is  in  much  disfavour  in 
Scotland.  The  (jnly  objections  to  its  use  that  I  have  heard,  however, 
are, — first,  that  the  "  Cement-stone  and  red-sandstone  series"  oocnia 
tlnougliout  all  the  Carboniferous  districts  of  Scotland,  and  is  in  the 
Lothians  much  more  typically  developed  than  in  the  Tweed  Basin; 
and,  secondly,  that  the  name  '*  Calciferous  sandstone  series "  given 
to  these  rocks  by  Maclaren  in  1839  is  a  good  one. 

To  the  second  objection  it  may  be  at  once  replied  that  as  a  purely 
lithological  term   of  necessarily   only   local  application,   exception 
might   well   be   taken   to  Maclaron's  name  even   were   it  not  so 
dangerously  similar  to  the  Potsdam  "  Calciferous  series  "  of  North 
America,  or  even  to  our  Oxfordian  "Calcareous  grit."     The  first 
ol  »jection  is  a  stronger  one,  but  it  does  not  show  that  "  Tuedian  "  is 
a  bad  name-— only  that  a  better  njight  be  invented.     If  a  better 
one  had  thus  been  proposed  before  1855,  so  much  the  better;  but 
*'  Tuedian  "  came  out  then,  and  if  not  the  best  possible  is  yet  a 
geographical  name,  and  not  a  bad  one  in  itself ;  is  it  not  better  to 
retain   it,  whatever  the  classificatory  value   of  the   beds  which  it 
Ttpivsants  may  prove  to  be  ? 
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a  conclusion,  may  I  venture  to  hope  that  before  long  some  rules 
>ecting  stratigraphioal  nomenclature  may  be  promulgated  which 
f  regulate  in  some  way  the  issue  of  new  names.  It  will  surprise 
le  of  your  readers  when  I  say  that  I  have  lying  before  me  a  list 
nore  than  four  thousand  stratigraphioal  nafhes. 


-Tex  Tropical  Forests  of  Hampshire  :  Being  the  substance 
OF  A  Lecture  delivered  in  connexion  with  the  Loan  Col- 
lection, South  Kensington,  by  J.  S.  Gardner,  F.G.S., 
Saturday.  Dec.  2nd,  1876. 

ENGLAND  at  the  present  time  has  a  climate  far  from  tropical, 
but  the  time  to  which  I  refer  was  when  the  palm  and  spice- 
ints  flourished  here,  and  when  the  climate  may  rightly  be  spoken 
as  tropical,  not  in  a  poetical  or  metaphorical  sense,  but  actually, 
le  data  on  which  our  inferences  are  based  are  the  fossil  leaves 
lich  we  find  in  the  clays  of  the  south  of  Hampshire.  Out  of  the 
my  thousands  obtained  during  many  years,  I  have  selected  some 
iiidi  have  been  exhibited  in  the  Loan  Collection.  Some  have  also 
en  brought  in  illustration  of  our  subject  to-night  Collections  of 
ives  from  this  spot  and  from  Alum  Bay  have  also  been  made  by 
r.  W.  S.  MitcheU,  M.A.,  and  others,  and  are  now  preserved  in  the 
ritbh  Museum. 

It  is  the  district  immediately  along  the  line  east  and  west  of 
)umemouth  which  I  have  specially  examined.  The  beds  which 
cupy  this  area  are  of  the  age  of  the  Lower  Bagshot.  Above  the 
igshot  series  we  have  the  Bracklesham  beds  fuU  of  marine  forms ; 
e  Barton  beds,  also  full  of  marine  forms,  but  telling  a  tale  of  a 
fferent  sea ;  the  Headon,  Bemb ridge,  and  Hempstead  series,  with 
any  repetitions  of  marine  and  fresh-water  conditions,  indicative 
long  lapses  of  time.  There  is,  too,  the  whole  Miocene  period, 
which  we  have  no  trace  in  this  district,  but  which  we  believe 
3m  continental  evidences  was  of  vast  duration.  Then,  too,  there 
lie  wed  periods  of  immense  length,  during  which  England  under- 
ent  its  latest  Glacial  epoch  ;  after  that  the  time  during  which  the 
iver  Valley  gravels  abd  Brick -earths  were  formed.  While,  there- 
re,  we  speak  of  these  beds  as  almost  the  youngest  of  the  geological 
ries,  they  really  belong,  when  measured  in  years,  to  periods  of  an 
calculably  remote  past** 

With  the  help  of  diagrams  and  pictures  Mr.  Gardner  traced 
e  series  of  beds  from  Corfe  to  Wareham,  Poole,  and  Studland, 
id  then  back  from  Studland  to  the  mouth  of  Poole  Harbour,  and 
ong  the  shore  past  Branksome  to  Bournemouth,  and  on  to 
engistbury  Head,  the  physical  features  and  general  appearance 
■  the  country  being  described.  The  alternations  of  clays,  sands, 
id  pebble  beds,  as  they  appear  in  the  cliflfs,  and  the  pipe-clay 
iggings,  were  especially  referred  to,  and  Mr.  Gardner  then  con- 
iiued  : — *'  No  order  of  arrangement  is  at  first  apparent  m  \\i^^^ 
eds,  but  by  traversing  the  sectJons  many   times    and   ^tvxi'jm^ 
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tliem  attentively  there  is,  it  seems  to  me,  a  very  well  marked  idc 
recogniziible  sequence.  I  will  now  indicate  the  sequence.  Il 
has  never  been  laid  before  the  geological  public  until  now,  and  it  ii 

Kssible,  as  is  often  the  case  with  new  work,  that  there  msj 
some  objections  raised  to  it  I  can  only  tell  yon,  however,  that 
after  discussing  the  matter  with  geological  friends,  my  own  con* 
victions  are  strengthened."  The  author  then  referred  to  his  diagnun 
of  the  district  ''  This  lower  fresh- water  series  is  seen  in  the  neigh* 
bourhood  of  Corfe,  and  forms  part  of  the  cliflEs  at  Studland.  It  ii 
characterized  by  abundance  of  pipe-clays,  and  forms  a  thickness  of 
possibly  200  feet  Tlie  middle  fresh-water  series,  also  met  with 
near  Corfe  and  at  Studlaud,  forms  the  whole  thickness  of  the  diffii 
between  Poole  Ilarbour  and  Bournemouth.  We  thus  have  a  mag* 
nificent  section  four  miles  long  and  100  feet  in  height  Brankset 
Island  is  also  formed  of  this  series.  Their  entire  thickness  cannot 
yet  be  accurately  estimated,  but  may  be  put  down  at  some  300  feet. 
They  are  characterized  by  the  fact  that  the  clays  contained  in  them 
are  usually  brick-earth. 

The  next  series  above  is  a  marine  series,  and  is  some  400  ft  or 
500  ft.  thick.  The  base  beds  are  dark  sands  and  days,  succeeded  by 
pebble  beds  and  sands,  then  more  sandy  clays  with  pebbles,  and 
ending  with  a  thick  deposit  of  white  sands.  This  marine  portion  of 
the  series  occupies  the  cliffs  between  Boscombe  and  High  Cli£  It 
is  the  middle  fresh- water  series  which  is  so  rich  in  the  clay  beds 
containing  fossil  leaves.  These  loaves  are  found  in  various  con- 
ditions of  preservation.  In  most  cases  the  impression  only  of  the 
leaves  in  the  clay  is  met  with,  but  in  some  cases  they  are  so  veil 
preserved  that  the  actual  substance  has  1>een  retained,  although  chemi- 
cal changes  have  altered  its  composition,  and  it  will  peel  off  an^ 
blow  away.  In  some  of  the  clays  the  masses  of  leaves  are  so  decayec 
that  thoy  cannot  be  recognized,  and  are  not  worth  our  oollecting 
Whore  the  preservation  is  good,  we  can  readily  distinguish  th< 
various  original  textures  of  the  leaves  by  comparing  their  genera 
aspect  and  colour  both  among  themselves  and  with  existing  fornif 
For  instance,  those  which  are  thick,  such  as  evergreens ;  thin,  s 
convolvulus ;  hard,  such  as  oak :  or  soft,  such  as  lilac ;  or  eve 
velvety,  such  as  the  common  Phlox,  can  all  be  recognized.  The 
colours,  in  most  of  the  beds,  vary  from  buff  to  brown,  and  I  ne< 
hardly  tell  you  that  in  no  c^ise  have  we  any  of  the  green  colourii 
of  the  loaves  preserved.  Whilst  these  various  shades  of  dark  bul 
and  browns  are  in  many  cases  tho  result  of  chemical  change  that  h 
taken  place  after  the  leaf  was  covero<l  up,  yet  I  believe  that  in  mai 
cases  this  change  had  occurred,  at  least  partially,  before  the  coverii 
up,  just  as  we  saw  a  few  weeks  ago  the  changed  colours  of  the  fall 
leaves  of  autumn.  In  the  darker  clays  the  remains  are  black  a 
completely  carbonized  ;  where  this  is  so,  the  finer  venation  is  ind 
tinct  and  the  remains  diflicult  to  save,  so  that  we  may  discard  tht 
unless  the  outline  of  the  leaf  is  of  uimsual  form.  The  darker  browi 
I  take  it,  indicate  hard  and  evergreen  leaves ;  for  instance,  t 
lanrel'like  leaves  are  always  of  a  deep  colour,  whilst  both  the  tl 
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A  the  succulent  leaves  are  always  of  light  colour,  as  in  the  leaves 
bich  we  suppose  to  be  fig,  some  species  of  SmilaXf  eta  No  other 
ilouTs  have  been  met  with,  with  one  remarkable  exception ;  frag- 
Lent«  of  a  reed-like  plant  are  found  of  a  deep  violet,  staining  the 
uTOunding  day  mauve  for  a  considerable  distance."  The  shape, 
le  venation,  and  character  of  the  margin  of  the  leaves  being  the 
oints  by  which  comparisons  are  made  with  the  leaves  of  trees  now 
listing,  were  described  at  some  length,  and  the  difficulties  of 
uooessfully  making  the  comparisons  were  referred  to.  Among 
ithers  the  following  fossil  forms  were  mentioned  as  having  been 
letermined  with  but  little  doubt.  Feather  and  fan-palms,  Dry  an- 
Ira,  beech,  maple,  Azalea j  laurel,  elm,  acacia,  aroids,  cactus,  ferns, 
xmifers,  Stenoearpus,  and  plants  of  the  pea  tribe,  together  with 
nany  others.  <*This  question  may  perhaps  have  presented  itself 
x)  your  minds — how  is  it  possible  that  the  tropical  forms  of  which 
Rre  have  spoken,  such  as  the  palm,  aroids,  cactus,  etc.,  could  have 
^wn  alongside  of  the  apparently  temperate  forms,  such  as  the 
yek,  elm,  beech  and  others  ?  l^me  does  not  allow  that  I  should  go 
it  any  length  into  the  explanation  of  this ;  but  I  may  just  remind 
jovk  that  in  the  long  geological  record  of  the  beds  found  in  England, 
here  are  to  the  geologist  unmistakable  indications  of  many  changes 
n  climate.  Further,  astronomers,  having  calculated  the  path  of  the 
evolution  of  the  earth  in  aged  past,  tell  us  that  in  recurring  periods, 
«ch  hemisphere,  northern  and  southern,  has  been  successively  sub- 
ect  to  repeated  cyclical  changes  in  temperature.  There  have  been 
or  the  area  which  is  now  England  many  alternations  of  long  periods 
>f  heat  and  cold.  Whenever  the  area  became  warmer,  the  descen- 
lants  of  semi-tropical  forms  would  gradually  creep  further  and  further 
lorth,  whilst  the  descendants  of  cold-loving  plants  would  retreat 
rom  the  advancing  temperature,  vice  verad.  Whenever  the  area 
)ecame  gradually  colder,  the  heat-loving  plants  would,  from  one 
;eneration  to  another,  retreat  further  and  further  south,  whilst  the 
old-loving  plants  would  return  to  the  area  from  which  their 
noestors  had  been  driven  out.  In  each  case  there  would  be  some 
ingering  remnants  of  the  retreating  vegetation  (though  perhaps 
xisting  with  diminished  vigour)  growing  alongside  of  the  earliest 
rrivals  of  the  incoming  vegetation. 

Such  is  a  possible  explanation  of  our  finding  these  plant-remains 
ommingled  together.  It  must,  too,  be  borne  in  mind  that  it  is  not 
D  much  the  mean  temperature  of  a  whole  year  which  affects  the 
ossibility  of  plants  growing  in  any  locality,  as  the  fact  of  what  are 
ae  extremes  of  summer  and  winter  temperature.  For  example,  one 
lace  may  have  a  mean  winter  temperature  of  50^,  and  a  summer 
ne  of  70^ ;  whilst  another  place  might  have  a  mean  winter  teni- 
erature  of  20^  and  a  summer  one  of  100^,  and  yet  both  have  a  mean 
unual  temperature  of  60^. 

In  Cornwall  the  maiden-hair  fern  grows  in  sheltered  localities, 
ecause  the  winter  temperature  never  sinks  to  the  point  that  would 
ause  its  destruction.  Again,  at  that  most  charming  spot  in  the 
rest  of  Ireland,   Glengariff,  the  Arbutus  still  forms   an  aWn^asA. 


JS'olir,::,  0/  Mfmoin — On  Palieoci/prU  Edttardu 
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TI1L'  l>.n' 


<'  Irish  '  Film-fem  '  (Sifmennpbyllum  uaSaUnii^  \ 
f';ivoiired  spots  until  quite  recently,  wlinn  ihe 
^1  has  retAiDed  tourists  too  long  in  tha  Hiitiicl, 
cnnied  off,  as  reininisceDcea  of  a  pleasant  holidq. 
<.iftlie  motft  attractive  features  to  the  botantRt" 
:  (bat  in  the  two  lower  freah-water  Heries  tbtn 
ins  but  what  bave  been  blown  in.  among  tbm 
11?  earliest  known  EngliaK  fettthor.  llie  lectnnr 

l!i8  phyeicol  conditions  under  wUiob  ha  sujipuM 
iiud.  Ha  said  that  be  regarded  a  river  flowing 
as  having  deposited  all  these  beds  in  a  rtiHaj 
ii'Q  miles,  wbidi  it  bad  made,  and  showed  ■ 
>i!Liion  of  what  be  sujipoaed  the  view  was  lit& 
iha  picture  waii  made  up  of  pUiuts  from  Mn.  J. 
i>.^itory.  being  the  nearest  known  living  repw- 
~]\  (ilauts, 

■  iiTu  the  audience  proved  fortunately  a  good 
■  .  li'iives.    &3me  exporinienta  were  made  during 

(li:it  there  is  in  the  decomposed  granite  enoo^    ' 
tlio  oulours  of  the  clay. 


.  -Notf;  srji  tn  s-i^iuviid  obnke  D'ENTBOiioBTBAOt  fosbha  ntfn-  J 

MNT  nil  TKniiAIN   CABBOKirBBB  DBS  EMVIHOMe  DB  SUST- 
{l'iil(V<ir:jiir'm  LI    a  da")    PAR  M    ChJIKLEB  BnOBOtnABT 

TANY  traces    f  tl     f  t  I 
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"he  anterior  portion  of  the  body  is  carved,  and  in  this  region  is 
itnated  the  eye,  which  is  large,  black,  oblong,  very  prominent,  and 
>laced  much  lower  than  in  Cypris.  The  upper  antenn»,  inserted 
mmediately  below  the  eye,  are  long,  setigerous,  and  composed  of 
ive  joints  gradually  diminishing  in  size.  Each  of  these  joints  bears 
on  its  upper  part  a  tolerably  long  bristle,  the  fifth,  however,  is  fur- 
nished with  two.  The  lower  antennsd  consist  of  six  joints,  of  which 
the  second,  third,  and  fourtii  carry  each  a  single  bristle,  whilst  the 
sixth  has  a  tuft  of  four. 

like  all  true  Cypridce,  it  possesses  two  pairs  of  feet  The  first 
pair  slender,  composed  of  four  joints  and  terminating  in  two  curved 
daws ;  the  second  stouter,  and,  like  the  first  pair,  made  up  of  five 
joints,  the  last  terminating  in  two  long  curved  claws ;  but  it  is  also 
fnniished  with  two  well-developed  bristles,  which  spring  from  the 
snmmit  of  the  first  joint. 

The  jaws  are  not  so  distinctly  visible  in  this  fossil  genus  as  the 
previously  described  organs;  but  M.  Brongniart  has  been  able  to 
distinguish  in  one  individual  a  large  mandible  which  is  divided  at 
its  extremity  into  several  teeth,  each  provided  with  some  very  fine, 
short  hairs.  Another  individual  exhibits  a  palpus  of  two  joints,  with 
a  pencil  of  fourteen  medium-sized  bristles  attached  to  the  terminal  one. 

The  post-abdominal  ramus  is  short,  stout,  and  broad  at  its  ex- 
tremity ;  in  some  specimens  (probably  the  females)  it  bears  seven 
jointed  bristles  of  uniform  length,  but  in  others  (the  males?)  it  is  not 
so  large,  and  provided  with  only  four  short  bristles,  one  of  which  is 
longer  than  the  rest  At  the  posterior  portion  of  the  body  of  the 
former  appear  two  large  black  oval  bodies,  united  at  their  bases, 
which  may  be  the  ovaries. 

The  author  carefully  notes  the  differences  existing  between  the 
structure  of  the  organs  as  exhibited  in  Paiceocyprt^  and  that  of  the 
Jorresponding  organs  in  the  recent  genera  of  Cyprisy  Cypridopsis, 
^otodromaSy  and  Candona,  at  the  same  time  pointing  out  that  the 
^neral  similarity  between  them,  as  far  as  their  organization  is  con- 
Jemed,  is  the  more  interesting  when  the  immense  interval  of  time 
)y  which  their  periods  of  existence  are  separated  is  taken  into  con- 
ideration.  B.B.W. 


II. — Geological  Notes  on  some  parts  op  West  Tropical  Africa. 
By  D.  0.  Leng.  From  the  Kep.  Imp.  Geol.  Instit  Vienna,  June 
30,  1876. 

[Commimicated  by  Count  Marscuall,  C.M.G.S.,  etc.] 

CHE  rocks  along  the  Okande  river  are  argillaceous  slates,  gneiss, 
and  mica-schists  with  garnets,  intermixed  with  subordinate 
ands  of  reddish-white  quartz.  The  prevailing  rock  in  the  Ashkura 
?gion  is  a  coarse-grained  granitey  containing  reddish-white,  and 
•equently  large  crystals  of  orthoclase,  having  bright  cleavage- 
lanes, — oligoclase  in  smaller  crystals,  white  with  distinct  binary 
nation, — also  biotite-mica  in  green  or  greenish- black  plates,  single 
r  agglomerated  into  small  nodules,  and  amphibole  in  single,  TftX\xeiT 
iTge,  black,  tabular  crjtitah.  In  several  detached  blocks  \li^  fe\s^^x 


30     Rrrlr,r>i— Grin's  Ofoh'j;//or  Stitih'nta  tind  General  liivaltn. 

otiP  (li'iiiirltniTit  of  tlio  aoienc^,  iinil  In  bo  content,  with  n  low  jwriirt 
gra^p  iif  tlio  rest,  If  in  th«  Njoonil  part  of  this  piiblientinn  wc 
BhijiiUl  fiml  /vs  ltiM;irl  and  ooniprchcnsivo  views  of  the  stralignipbia) 
mti!  ]]:ii:v'iiutiilii;^^ii'!il  sidea  of  geology,  as  wo  have  here  presented  tou 
of  11it.'{iliNslL';il,  tlii.'ti  wo  think  Mr.  Green  will  be  entitled  lo  rank  unmig 
thp  .si'!<'*.'l  fi'W  wliii  Muiyclaini  an  approach  to  gcologioal  omnisciencfti 

The  sivli'  of  thi^  book  reminds  ns  somewhat  of  De  La  Beclie'i 
wHliiL>;s.  The  ivjiHuning  is  logical,  and  the  language  simple  ttai 
forcilili' :  but  (.icnisionally  marred  by  a  certain  ronghness  whiuh  jwi 
tipralnsL  till'  render's  taste.  Wa  would  in  particular  inslanwi  ibawn- 
Btnut  recnni'iici',  csjieoially  in  the  earlier  cliapterH,  of  the  word 
"Ititlcr,"  wliiili.  ivi'ii  when  oorrectly  used,  breaks  the  current  of 
the  tlioiiglii-^,  anil  iibliges  one  to  hark  bock  to  natch  an  author'a 
nieniiiii^'.  I'Ni  "lirii  there  is  no  "fi)rnipr"to  answer  to  it,  then 
thviihriiM?  i^  ilisti-i's.siiig.  Thns  where  (p-fiP)  we  are  toW  that  qoiiTti 
occurs  "  usunily  iis  f;la8»y  lumps,  which  fill  up  the  spaces  between 
other  ijiinei-.ils,  ami  ure  sometimes  seen  to  have  moulded  thenisolKS 
on  the  Inllor."  wo  nre  iTTesistibly  led  to  ask,  what  the  lumps  would 
haYo  hmn  like  if  they  had  moolded  tLenudveB  upaa  tho/onwr^__ 

Throiigliiiut    tlie    !">ok   everything  ia  made    subeidiaty   to  fS^ 
geol.i^'y,     TIk^  iii.-( r. ,1'.;:Iwi1   ]art   i?   Irwif-'!   fnmi  ii  -n.l, .u'i.:iil  ]   ' 
of   vie'w.   ami   ro,-l;s.  wljirl.   tl,.'   ,.-lr..|n^ist    w,„d.!    .-.■(.^,[  ,:■■    in 

museum,  are  classoiJ   tn^i'!' ■  ;     i-    I_\   uri  l;!',i' ii  ■■  r,-     ■:'  'li'    - 

miftiniil    dejiosit    under    ili      ■   ■        ..■,-.,    i    ,.    .      ■     u 
morphism.    Liiieed.  uiim.  r      ■■.   ■  ■  i  ■     ..,  ■  p.  n 

ilppt-'irs    to   holil   slvonj^i  I-   ..ji.:!'..-    ['•   n    ..-■     n-iJ    i.-_' .r^iiiM^ 
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of  onr  availing  ourselves  of  mathematical  analysis.  But  if 
ye  80,  it  is  better  frankly  to  acknowledge  the  fact,  and  not  to 
pt  to  support  or  overthrow  a  theory  by  a  show  of  numerical 
icy,  which  has  no  sound  basis  to  rest  upon."  This  no  doubt 
)e  a  popular  sentiment  and  a  flattering  unction  to  many  to  be 
)y  one  of  Prof.  Green's  ability,  that  they  who  cannot  calculate 
i  well  off  as  those  who  can.  But  surely  Prof.  Green  will 
wledge  that  in  all  such  cases  there  are  extreme  limits,  which 
iiantities  involved  in  any  problem  cannot  exceed  on  one  side, 
[  short  of  on  the  other,  and  thus  the  application  of  these  to  the 
Q  hand  involves  no  **  show  of  numerical  accuracy,"  but  is  an 
t  and  a  real  way  of  deciding,  within  the  possible  limits,  whether 
ry  be  true  or  false. 

Croll's  theories  of  climatal  changes  are  remarkably  well 
lized  in  the  twelfth  chapter,  and  are  evidently  favourably 
ained.  Indeed  this  twelfth  chapter  strikes  us  aa  much  more 
ing  than  the  previous  one,  which,  treats  of  the  condition  of 
rth's  interior.  The  one  subject  has  been  almost  as  much  con- 
ted  as  the  other,  although  the  latter  is  the  older,  and  has 
%i  account  had  the  advantage  of  being  attacked  by  men  of 
reatest  power.     Yet  it  is  only  lately  that  Geology  has  contri- 

her  share  to  the  data  of  this  great  question,  and  very  re- 

indeed,  if  even  yet,  that  physicists  have  learnt  to  perceive 
he  facts  of  geology  cannot  bend  to  the  results  of  physical 
y,  but  that,  in  order  to  form  a  true  theory,  neither  can  be 
id  to  lord  it  over  the  other,  and  that  the  requirements  of  each 
be  equally  satisfied. 

rerv  noticeable  and  most  valuable  feature  in  Prof.  Green's 
is  the  abundance  of  reference  to  original  treatises  and  papers, 
ook  might  be  used  as  a  nearly  complete  index  to  the  whole 
are  of  that  part  of  Geology  of  which  it  professes  to  treat. 


lETu^A  Paljeozoioa.     By  Professor  Fkrd.  Roemeb.     Atlas  of 
62  Plates.     Large  8vo.     (Stuttgart,  1876.) 

S  Atlas  of  Plates  is  the  first  issued  part  of  a  "  Lethsea  geo- 
lostica,"  which,  when  complete,  will  cover  the  entire  ground 
tigraphical  palaeontology.  The  scheme  is,  on  an  enlarged  and 
ved  scale,  virtually  a  new  edition  of  Bronn's  well-known 
with  the  great  advantage  of  having  the  co-operation  of  several 
lists  of  authority  in  its  production.  The  Palajozoic  portion 
?en  placed  in  the  hands  of  Professor  Ferdinand  Roemer,  of 
u,  whose  life-long  work  among  the  fossils  of  the  older  rocks 
en  successfully  carried  on  in  every  part  of  Europe,  and  in  the 
Vorld  as  well  as  the  Old.  No  choice  could  be  more  calculated 
use  the  highest  expectations  on  the  part  of  geologists  and 
itologists,  and  although  we  have  yet  before  us  only  the  illus- 
is  of  the  text  to  come,  still  there  is  enough  in  the  brief  preface, 

choice  of  fossils,  and  in  the  mode  of  their  arrangement,  to 
that  the  subject  is  handled  by  a  veteran  whose  individuality 

itself  conspicuous  even  in  such  matters  as  these. 
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Tlie  «lrnligi;i|ilii'  il  diviaionB  in  which  the  foFiiln  i-eitronroit«l  hi 
gnidlieit  an-  [.uii-.-i'ly  the  largest  that  could  with  propriety  Id 
jiiliiiiti-vl,  Thi-\  .<:'  :i-i  follows'.  1.  Cambrian  (pi,  i.,  ii.).  2,.  Lowb 
Siluriiiii  (pi.  iii.-v:ii.j.  3-  Dppor  Silurian  (pi.  ix.-zix.].  4.  Lovn 
I)..voninri  [OKI  lie.l  Sw-lstone]  (pi.  «.-xsii.}.  4a.  Tlia  bum 
[('ill lien?;  CrfiuwuLko]  (pi.  xxiii,-«v.),  6,  Middle  BevoDtm 
[Kiflur-Kiilk]  ijil,  kxtL-Xxxi.).  fin.  The  Bamo  [ raffraOit-r-Kalk] 
fpl.  xxii,).  Ii.  DL'voniaa,  plauta  (pi.  xxxlU..  xistiv.).  7,  Cppa 
IX-vmiiau  [rfuciiiUitB  bedel  (pi.  xxxv.)-  8.  The  miuo  [Clyinwii* 
hulls]  (pi.  xxKvi.).  9.  Oulm  (jil.  xxxtU.,  xxxviii.).  10.  Curlwiii. 
foriius  Limcsiimii  (pi.  xxxix.-xlvi..  xlviiL),  11.  Coal-SIaanm 
t]il.  \\\-\\..  il.-lv.i.     Vi.  Permian  (pt  Ivi.-lxii.). 

Pro-(  'iiiiiliriiiii  (■■•■-ils  do  not  find  favour  in  the  author's  eyes,  and 
siii'li  tlihiijif  I  ji'ili  i|'~  this  ia  the  safest  term  I)  ua  Eoioon  and  I'alno- 
pijije  Jire  luit  ileiiiir.  I  on  his  platen,  alfhough  it  is  to  be  hoped  tliU 
till')'  will  not  lii^  a>  utterly  ignored  in  the  text.  The  term  "Pn)»- 
Kiiio,"  iiini-euvLT,  Mliioh  Dr.  Roenicr  attaohes  to  the  first  platM  U 
syiii myiQcnis  ivilli  f.'iiinbrian,  probably  fui'lher  iudimieshiB  view»wb 
tiiy  iioiili.gital  I'viiii'iices  of  the  baginninga  of  life.  The  snooeediitt 
hori>toi:s  ure  vi'i\-  fully  reprMented  by  fi^ret  of  fossils  from  m 
j.;tfU  of  tho  wt.rM,  atid  of  l\,^^>-  inunv  will  U  invalii..).]-  fi-m  tlie 
ikft  ihrit  they  .■nro  )Y'|.ro.lii^-a  frnii.  u'.rl.s  .-f  vmcv  .lilliculi  -  i.. 

the  Illiijonty  of  htinlt-lits,  wliiif  ofli-  i  ~  1    , -.  ■    ]  ■■     i.  ■!■  .\'.  n   !      ■,,  -irlkliig 
ij]jpi'i  111(^1  IS   exiiri'stilv    tiir   tliis    jiuii  !   ■  lL[iii> 

jirjiihed  in   u   hi.hrdenr  .srvK-,   .|ii         ■       ■    ■    ■   ■  1  the 

'■U'IIkv.i";    but  llK,T*i  is  oiiJsi.l.Til...    ^■,:i.!'.-. :-  .  ,v::i.]..   in  111 e 

(iiuililv  of  tlii.-ir  linulin;;-,      Snuie   kw  — mi.1^    us  iil.  ;;'.i  iov  i]i-l;,uce- 
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Bottriekopus  antiquus,  Qoldf.  The  only  known  and  wonderfally 
perfect  example  of  which  was  found  in  the  Fosidonomya  schists  or 
Cubn  near  Herbom  iu  Nassau,  and  is  preserved  in  the  Bonn 
Mufleam. 

Lying  before  us  is  another  work  of  Professor  Ferd.  Roemer's/ 
published  several  years  ago,  with  all  the  advantages  that  can  be  de- 
rived from  fine  paper,  good  printing,  and  beautifully  finished  plates. 
It  is  a  handsome  quarto  monograph  of  the  Fossil  Fauna  of  the 
Sikrian  Drift  of  Sadewitz  in  Lower  Silesia.  It  would  seem  absurd 
to  compare  the  eight  splendid  plates  which  illustrate  it  with  those  of 
the  "  I^thiea,"  but  an  examination  of  both  will  show  how  thoroughly 
they  are  adapted  to  their  respective  objects,  and  if  the  latter  appear 
longh  and  ready  by  the  side  of  the  former,  they  will  lose  none  of 
their  value  on  that  account. 

This  Sadewitz  Monograph  is  quite  a  palax>ntological  and  geolo- 
gical curiosity,  being  the  description  of  a  fauna  from  unknown 
beds,  the  fossils  forming  which  were  all  collected  from  Drift 
deposits.  Seventy-three  species  are  enumerated,  including  twenty- 
five  new  ones,  and  a  careful  study  of  the  group  of  organisms  thus 
brought  together,  and  of  the  lithological  character  of  the  original 
matrix  stUl  associated  with  the  specimens,  led  the  author  to  hazard 
the  suggestion  that  the  Silurian  rocks  which  once  contained  them 
■re  to  be  sought  in  the  Eastern  Russian  provinces,  either  in 
Esthonia  or  still  under  the  sea  in  the  neighbourhood. 

Among  the  species  figured  some  splendid  sponges  are  very  notioe- 
Me ;  such  as,  Aidocoptum  diademaj  Osw. ;  A,  aurantium,  Osw. ; 
L  kemispharicumy  Roem. ;  Aatyloapongia  tncisa,  Roem.,  etc.,  etc. 

The  position  of  the  Lyckholm  beds  in  Esthonia,  which  seem  to  be 
the  most  likely  horizon  whence  these  fossils  were  derived  is  towards 
ihe  top  of  the  Lower  Silurian,  between  the  Wesenberg  beds  (below) 
md  the  Borkhoim  beds.  O.  A.  L. 


lIL — COUBS    ^L^MENTAIBB  DK    GeoLOGIB   i   L*U8AGE   DE   l'eNSEIGNE- 
MENT    SECONDAIBE    CLASSIQUE    £T    DK    l'eNSEIGNEMENT    SECONDAIBE 

SPECIAL."     By  Prof.  J.  Gosselet.     (Paris,  1876.) 

r[IS  little  book  of  not  quite  200  pages  is  expressly  written  for 
the  use  of  beginners,  but  self- teaching  by  its  aid  is  not  contem- 
>lated,  the  knowledge  which  it  imparts  being  intended  to  be  supple- 
nented  by  the  Professors  in  the  French  Lycies.  This  the  author 
^plains  in  his  Preface,  in  which  he  notes  the  difiiculty  (greater  in 
Prance  than  in  England)  of  giving  public-school  boys  instruction  iu 
nit-door  geology.  Fortunately  for  his  pupils,  Prof.  Gosselet  is  him- 
«lf  an  enthusiastic  field  geologist,  and  we  are  not  surprised  to  see 
hat  he  very  justly  compares  the  necessity  for  field-work  in  learning 
jeology  to  that  of  laboratory -work  as  reganls  chemistry. 

In  order  to  give  learners  an  idea  of  succession  in  time,  the  writer 
ompares  the  geological  divisions  to  the  reigns  in  which  historical 

*  "  Die  fossile  Fauna  dcr  Siluri.schen  Diluvial-Geschicbc  von  Sadewili  \)tt\.  Oe\a 
I  XiedcT-Sclilwien."    By  Dr.  Fcrd.  Roomier,     ito.     lireslau,  1861. 
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time  is  divided  (eapeoially  in  acbool-books).  Thus  the  Carboniferooi 
system  is  called  *'B^ffne  de§  Productus^*'  the  Gretaoeons  is  beadel 
**Regne  dea  BuditteB''  and  so  on.  This  method  will  probably  be  of 
considerable  help  in  reminding  young  students  of  some  of  the  more 
strongly  characteristic  fossil  groups,  and  Prof.  Gtosselet  claims  no 
more  than  this  in  its  favour.  There  are  166  figures  in  the  text,  of 
these  those  representing  fossils  (mostly  from  d'Orbigny's  works, 
etc.)  are  very  good,  whUst  the  others,  although  well  chosen  and  in* 
structive,  are  as  a  rule  very  inferior,  having  probably  been  spoiled 
in  the  engraving. 

The  style  of  the  Lille  Professor  is  extremely  dear,  and  oitirely 
free  as  it  is  from  any  attempt  at  so-called  "  popular  ^'  writing,  it  ii 
yet  decidedly  interesting.  There  is  an  absence  of  theoriidng  whidi 
one  is  not  accustomed  to  find  in  foreign  manuals  of  geology.  The 
book  is  in  fact  a  collection  of  carefully  selected  facts,  the  inferenoet 
drawn  from  which  are  striking  and  obvious.  Those  parts  of  geo- 
logical science  which  still  belong  to  the  region  of  speculation  are 
omitted,  and  the  student  is  only  told  what  is  known  and  how  it  ie 
known.  Cataclysms,  Pentagonal  systems,  and  all  the  other  horrars 
of  so  many  French  text-books,  find  no  place  in  this  one. 

In  two  instances  only,  we  believe,  does  the  author  depart  from 
the  well-established  views  which  there  is  no  risk  of  the  student 
finding  contradicted  in  larger  works.  One  is  in  the  use  of  the  ton 
'^  Paleontonique."  Under  this  unusual  name  are  grouped  the  Silurian, 
Devonian,  and  Carboniferous  rocks,  the  pre-Cambrian  rocks  being 
denominated  '*  Azoic,"  notwithstanding  Eozoon,  which  is  mentioned 
as  ''  oe  pretendu  fossile,"  and  the  Cambrian  being  regarded  merely 
as  the  base  of  the  Silurian.  The  oUier  case  is  the  division  of  the 
Carboniferous  into  three  stages,  viz. :  1°.  The  Lower  or  Carboniferous 
Limestone.  2°.  The  Middle,  or  Coal-Measures.  8°.  The  Upper,  « 
Permian.  Now  there  is,  of  course,  very  much  to  be  said  in  favour 
of  this  grouping,  and  it  is  quito  possible  that  a  continuation  of  re* 
searches,  such  as  those  of  Dawson  in  North  America,  and  Ludwig  in 
Kussia,  may  bring  us  some  day  to  accept  this  as  the  normal  and 
typical  state  of  things,  yet  it  seems  scarcely  wise  or  in  keeping  with 
the  admirable  resei've  which  marks  the  rest  of  the  book,  to  include 
an  innovation  in  which  there  is  so  much  room  for  criticism. 

Naturally  the  text-book  refers  chiefly  to  French  Geology,  and  iti 
value  is  much  enhanced  by  the  two  coloured  folding  plates  which  ii 
contains,  one  being  an  excellent  little  geological  map  of  France  in 
eight  divisions,  and  the  other  consisting  of  three  sections  illustrating 
the  rock-structure  of  the  country  between  the  Vosges  and  PariSi 
Paris  and  Jjaon,  and  Brussels  and  Mezieres. 

On  the  whole  the  book  will  compare  favourably  with  the  best  oJ 
our  geological  primers  and  introductory  text-books,  and  leaves  moel 
of  the  foreign  works  of  the  kind  far  behind.  G.  A,  -L. 
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XF.— Thi  Puzzlc  of  Lifb  and  How  it  has  bbbn  Put  Tooetheb. 
A  Shobt  History  of  Yeobtabls  and  Animal  Life  upon  the 
£abth  from  thi  Earlikst  Times,  inoludino  an  aocount  of  Pre- 
flinoBio  Man,  his  Wbapons,  Tools,  and  Works.  By  Arthur 
NiGOLB.    pp.  148.     (London,  Longmans  &  Co.,  1877.) 

AXY  attempt  to  put  the  leading  facts  of  a  science  within  the  com- 
prehension of  children,  and  of  grown-up  persons  whose  educa- 
tion has  not  fitted  them  to  grapple  with  technical  terms,  must  be 
fiinght  with  considerable  difficulty.  Science,  as  often  observed,  has 
t  language  of  its  own,  and  it  is  frequently  impossible  to  translate  it 
ia  80  simple  a  form,  that  all  who  read  may  understand.  The  present 
little  work,  however,  which  is  specially  addressed  to  children,  is 
written  in  so  pleasant  and  easy  a  style,  and  its  descriptions  of  life 
on  the  earth  are  on  the  whole  so  simple  and  accurate  that  we  can 
heartily  redommend  it  to  the  attention  of  those  who  seek  such  a 
fHvide.  The  illustrations  are  good  and  the  general  appearance  of  the 
book  such  that  it  may  compare  most  favourably  with  other  primers 
of  geology.  H.  B.  W. 

:rieifo:rtq  jlistt)  :pROOEEZDi:isra-s. 

Geological  Society  of  London. — ^November  22nd,  1876. — Prof. 
P.  Martin  Ihincan,  M.B.,  F.R.S.,  President,  in  the  Chair.  The 
Mbwing  communications  were  read  :— 

1.  "On  the  Pire-Cambrian  (or  Dimetian)  Hocks  of  St.  David's." 
By  Henry  Hicks,  Esq.,  F.G.S. 

Referring  to  the  ridge  of  pre-Cambrian  rocks,  which  he  described 
n  a  former  paper  as  running  down  the  St.  David's  promontory,  and 
M  previously  supposed  to  consist  of  intrusive  syenite  and  felstone, 
he  author  stated  liat  he  had  now  found  it  to  be  composed  exclusively 
if  altered  sedimentary  rocks  of  earlier  date  than  the  Cambrian  de- 
xwits,  the  conglomerates  at  the  base  of  which  are  chiefly  made  up 
4  pebbles  derived  from  these  rocks.  Recent  investigations  had  led 
lim  to  the  conclusion  that  the  main  ridge  was  composed  of  two 
iistinct  and  decidedly  unconformable  formations,  the  older  of  which 
composed  of  quartzites  and  altered  shales  and  limestones,  con- 
itituting  the  centre  of  the  ridge,  has  a  N.W.  and  S.E.  strike,  and 
lips  at  a  very  high  angle;  whilst  the  newer  series,  consisting  of 
khered  shales,  and  having  at  its  base  a  conglomerate  composed  of 
Kfbbles  of  the  older  rock,  has  a  strike  nearly  at  right  angles  to  that 
►f  the  latter.  For  the  former  he  proposed  the  name  of  Dimetian,  and 
or  the  latter  that  of  Pebidian.  The  author  indicated  the  points  of 
wemblance  between  these  pre-Cambrian  Rocks  and  the  Laurentian 
'f  Canada,  the  Malvern  Rocks,  and  others  in  Scotland  and  else- 
rhere,  but  thought  it  safer  at  present  to  abstain  from  attemj)tin^ 
nj  definite  correlation  of  them.  The  exposure  of  the  older,  or 
Xmetian,  series  led  the  author  to  ascribe  to  those  rocks  a  thickness 
fat  least  15,01)0  feet ;  the  upper  or  Pebidian  rocks,  which  flank  both 
ides  of  the  old  ridge  through  a  great  portion  of  its  length,  ax^ 
[•parently  of  considerably  less  thickness,  but  they  are  in  luo^^t  p^iV.^ 
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more  or  less  concealed  by  Cambrian  deposits  overiying  them  unoon- 
lormably.  Running  nearly  parallel  with  Ramsay  Sound  is  another 
Inrge  mass  of  the  author*s  Pebidian  rocks,  and  at  the  south-western 
extremity  of  Ramsay  Island  they  compose  a  bold  hill  almost  400 
feet  high,  and  on  the  east  side  of  this  a  fault,  with  a  downthrow  of 
at  least  14,000  feet,  has  brought  up  the  Arenig  beds  into  contact  with 
the  pre-Cambrian  rocks. 

2.  <<  On  the  Fossil  Vertebrates  of  Spain."  By  Pro£  Salvador 
Colderon.     Communicated  by  the  President. 

Tliis  paper  contained  a  few  introductory  observations  on  the  sta^J 
of  the  fossil  vertebrates  of  Spain,  followed  by  a  classified  list  of  ths 
species  (68  in  number)  which  have  been  recognized  in  that  country. 
The  author  particularly  remarked  on  the  occurrence  of  Sivaiheriim 
and  HytrnarcioB  in  Spain,  on  the  finding  of  remains  of  the  Mammoth 
in  that  country,  and  on  the  presence  in  the  peninsula  at  a  late  period 
of  Bo8  primigenius.  The  earliest  known  Spanish  vertebrates  have 
been  obtained  from  the  Carboniferous  formation. 


December  6th,  1876.— Prof.  P.  Martin  Duncan,  M.B.,  F.E.S., 
President,  in  the  Chair. 

The  President  announced  the  sad  loss  the  Society  had  sustained 
in  the  death  of  Mr.  David  Forbes,  F.R.S.,  one  of  its  Secretaries* 
which  took  place  on  the  morning  of  Tuesday,  December  5th.  He 
thought  it  would  be  felt  by  all  present  that,  as  a  mark  of  respect  to 
tlie  memory  of  one  so  highly  esteemed,  the  proceedings  of  the  Meet- 
ing Hhould  be  limited  to  the  absolutely  necessary  business ;  bat  ai 
one  of  the  authors  of  a  paper  on  the  list  had  travelled  a  long  dis- 
tince  in  order  to  attend  the  Meeting,  it  would  hardly  be  fair  to  lei 
him  go  back  with  the  pur^iose  of  his  journey  unaccomplished.  He 
there  tore  suggested  that,  in  addition  to  tlie  ordinary  formal  busineM 
of  the  Meeting,  tho  memoir  of  MM.  Topley  and  Lebour  on  the 
Whin  Sill  of  Northumberland  should  be  read,  and  that  the  Meeting 
isliould  then  adjourn. 

Tlio  following  communication  was  read  : 

*'0n  the  Intrusive  Character  of  the  Whin  Sill  of  Northumber- 
land." By  W.  Topley,  F.G.S.,  Assoc.  Inst  C.E.,  Greological  Survey 
of  England  and  WsJes,  and  G.  A.  Lebour,  F.G.S.,  Lecturer  on  Greolo- 
gical Survej'ing  at  the  University  of  Durham  College  of  Science, 
Newcastle-on-Tyne. 

The  Carboniferous  Limestone  series  of  the  north  of  England  con- 
tiiiiis  a  bed  (or  beds)  of  basalt,  known  as  the  "  Whin  Sill,"  regard- 
ing tho  nature  of  which  opinion  has  long  l>een  divided.  Some 
writers  regard  it  as  truly  interbeddod  and  contemporaneous ;  others 
look  upon  it  as  intrusive,  and  as  having  been  forced  laterally  between 
the  planes  of  bedding.  The  latter  opinion  is  that  held  by  tho 
authors,  who  stated  that  through  South  and  Mid-Nortliumberland 
there  can  be  no  doubt  as  to  the  intrusive  character  of  the  Whin  Sill. 
This  conclusion  can  be  established  by  the  line  of  outcrop  of  the 
trap,  and  also  by  the  evidence  of  individual  sections. 
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L  review  of  the  literature  on  the  subject  was  given  by  the 
hors.  showing  that  the  opinions  of  geologists  are  very  much 
ided  as  to  the  nature  of  the  Whin  SilL  But  amongst  the  prac- 
d  miners  of  the  north  of  England  there  are  very  few  who  will 
nit  any  doubt  that  the  Whin  lies  evenly,  and  at  one  constant 
ixon,  amongst  the  strata.  Clear  cases  to  UiIb  contrary  are  looked 
>n  as  merely  local  variations,  possibly  due  to  successive  eruptions 
submarine  lava.  The  Whin  Sill  serves  them  as  a  definite  line, 
i  the  limestone  next  above  it  is  always  called  the  "  Tyne  Bottom 
nestone."  The  question  is  thus  of  considerable  economic  im- 
rtance.  It  is  also  of  interest  in  reference  to  the  volcanic  history 
Britain  and  to  classification. 

Prof.  Phillips  took  the  Whin  Sill  as  the  base  of  the  Yoredale 
ries ;  the  Great  Limestone  he  regarded  as  its  top.  But  the  work 
the  G^ealogical  Survey  has  shown  that  the  Whin  Sill  lies  at  dif- 
ent  horizons  in  different  places ;  sometimes  it  even  lies  above  the 
eat  Limestone  itself.  In  other  words,  the  Whin  Silly  which  is 
\posed  to  mark  the  hose  of  the  Yoredale  Series,  sometimes  lies  above 
limestone  which  forms  the  top  of  that  series. 

With  the  disappearance  of  the  supposed  base-line  of  the  Yoredales 
»  also  any  good  reason  for  drawing  a  line  here  at  all.  The  so- 
led '^Tyne  Bottom  Limestone"  cannot  be  traced  definitely  through 
fthomberland,  and  the  beds  above  and  below  this  horizon  have 
)  same  general  character. 

The  authora  traced  the  Whin  Sill  through  Northumberland,  as  far 
rth  as  Dunstan borough  Castle,  showing  the  varying  positions  at 
lich  it  occurs  in  the  Limestone  series,  and  noting  points  of 
erest  in  some  of  the  sections.  The  Whin  shifts  its  position 
ongst  the  strata  to  the  extent  of  1000  feet  or  more.  It  fre- 
ratly  comes  up  in  bosses  through  the  bedded  rocks,  and  bakes  the 
Is  above  it  quite  as  much  as  those  below,  especially  when  those 
Is  consist  of  shale. 

ks  to  the  age  of  the  Whin  Sill,  nothing  definite  can  be  said.  It 
frequently  thrown  by  faults  and  lodes.  There  is  no  certain  case 
its  being  unaffected  by  faults  which  throw  the  neighbouring 
;ks,  although  there  are  a  few  doubtful  cases  which  seem  to  point 
this  direction.  As  the  Whin  Sill  does  not  approach  the  Permian 
A  of  Durham,  the  fact  that  some  of  the  faults  there  are  believed 
be  pre- Permian  cannot  be  applied  as  a  test  of  age  in  this  case. 
In  other  districts  in  Britain  in  which  intrusive  basaltic  sheets 
!ar  amongst  the  Carboniferous  rocks,  there  is  good  reason  to 
ieve  that  in  most  cases  they  are  pre-Permian,  or  at  least  pre- 
iassic.  Whether  or  not  this  be  the  case  with  the  Whin  Sill 
mot  be  determined.  No  light  is  thrown  on  this  question  by  the 
nposition  of  the  rock.  Mr.  Allport  has  shown  that  it  resembles, 
all  essential  chai^acters,  the  basalts  of  other  Carboniferous  districts, 
ae  of  which  are  possibly  contemporaneous,  some  certainly  in- 
sive. 
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Upper  oon tains  large  striated  boalders ;  l>ut  the  Lower,  it  is  admitted, 
may  possibly  also  contain  large  boalders,  as  it  has  not  been  excavated 
to  any  considerable  depth.  The  most  distinctive  feature  is  that 
they  are  divided  in  places  by  a  bed  of  sand  and  well-worn  gravel. 
Mr.  Mackintosh  considers  that  these  gravels  were  washed  out  of 
a  pre-existing  glacial  clay,  of  which  only  hommocky  patches 
remain^  (Lower  Boulder-clay),  and  their  striee  efiB&ced  during  an 
inter-glacial  period,  when  the  tmnsportation  of  striated  stones  had 
eeased.  Without  discussing  in  detul  the  accuracy  of  Mr.  Morton's 
description,  which  I  submit  does  not  produce  a  faithful  impression  of 
what  actually  exists,  but  rather  records  what  exists  in  his  own 
mind  on  the  subject,  I  ask,  is  the  foregoing  evidence  full  enough,  or 
of  a  nature  to  justify  a  careful  geologist  in  accepting  an  interpreta- 
tion of  the  Boulder-clay  fraught  with  such  tremendous  consequences? 
For  my  part,  candidly  I  think  it  is  not,  and  until  some  upholder  of 
the  theory  shows  that  the  Lower  Boulder-clay  is  either  a  subaerial 
deposit  or  contains  fossils  differing  from  those  in  the  bed  above,  or 
offers  any  of  the  distinctive  Qharacteristics  and  continuity  such  as  I 
have  stated  are  necessary  to.  constitute  a  geological  subdivision,  I 
cannot  consider  the  evidence  to  be  worth  much.  Looking  at  the 
question  in  a  broad  aspect,  it  also  appears  to  me  that  any  division 
founded  as  this  primarily  is  on  the  separation  of  the  Clay  by  sand 
and  gravel  involves,  if  applied  over  a  wide  area,  a  physical  absurdity. 
Under  what  possible  conditions  could  a  period  intervening  between 
the  deposition  of  two  beds  of  clay  be  represented  everywhere  only 
by  sands  and  gravels?  If  these  were  washed  out  of  the  pre-existing 
clay,  as  Mr.  Mackintosh  infers,  what  became  of  the  much  greater 
bulk  of  the  clay  in  which  they  were  imbedded?  Where  are  the 
equivalent  deposits  of  clay  which  would  surely  have  representatives 
somewhere  in  the  interglacial  period  ? 

So  far  as  my  experience  goes,  the  marine  Boulder-clay  and  sands 
of  the  lower  plains — and  none  but  marine  beds  have  hitherto  pre- 
sented themselves  to  me — are  from  the  base  of  red  sand  or  rock  on 
which  they  rest  to  the  surface,  but  one  great  deposit  containing  local 
variations  of  such  a  puzzling  character  as  to  be  interpreted  differently 
by  every  observer,  the  supporters  of  the  tripartite  division  being 
frequently  quite  at  a  loss  as  to  which  division  the  respective  beds 
should  be  allocated. 

BLUin>BLLSANl>8,   LIVERPOOL.  T.    MeLLABD    BbADE. 

Nov,  9M,  1876. 

ON  THE  FOfiMATION  OF  GfiOUND  ICE.* 

Sib, — Relative  to  the  formation  of  **  Ground  Ice,"  I  have  to  offer 
the  following  theory.  In  order  that  this  phenomenon  may  take 
place  the  water  must  be  near  the  freezing-point.  Then  we  have  an 
analogous  condition  of  things  to  that  of  the  atmosphere  when  hoar 
frost  is  deposited  upon  the  ground,  trees  and  shrubs  on   account 

^  From  Mr.  Morton's  description  one  would  infer  this  deposit  extended  all  over  the 
doclu 

»  See  Dr.  Landor's  paper  on  "  Ground  Ice,"  Geol.  Maq.,  187^,  BecaAft  11., 
VoL  UI.  p.  459. 
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■i'U  rulinting  tbeir  best  more  rajiidly  thim  ttc  «^^ 
iiml  1"  L'ause  they  are  saiUd  forum  {iresentcd  to  »  liqol'l 
til  i.r  (.TystoUiEation,  the  fwdhcn*  of  the  hoar  frortw 
ituhvaniaseach  particle  of  water  ii  driven  by  the  brew 
iiiii  if. 

.ri.'iiiii  of  water  at  the  freezing-point,  the  g(one«atlhe 
Ml.t  i.i-Iiate  their  heat  more  rapidly  tlinn  the  suitomm!- 
i;,l  !■  I'M-leafterparliclo  of  wat^riisBiiwesitscryBtalhBe 

ijjluct  ivith  the  Boiid,  thus  forming  tubnJw     . 
,1     ■,  ii  i.if  the  Btream. 

,,  II  iLnrnY,  8.  GOBDON  McDlKB. 


niOF.  Xtllil'KN.'-KIOLD  ON  KECURKENT  GLACIAL  PEItlOM 
Sill. — Prof.  Jiiilii  has  told  ua  repeatedly  of  late,  not  without  wnw 
flourish  of  trimiints.  how  completely  Prof.  Nordenakiolil  ha»  de- 


wulisheil  Wr.  Cr. 


V  tVu 


my  yu 


havo  had  a 
lliiiig  iin-scir.  if  1 

me  what"  it  is  al 

Prof.  Judd  iR  t'viilt 
doiii- Q  Krt-iit  kiii.l 
inni.ivini  .  ii.|  :-■, 


:id  his  theory  of  the  causes  of  glacial  epo^ 
l!i  up  1  have  been  backward  in  my  reading,  nni 
i|ucrable  aversion  to  books,  and  never  read  my 
all  get  a  kind  friend  to  read  it  for  ma.  and  tall  <  i 

.     So  I  have  not  yet  read  Prof  NordensVifiU ; ' 
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oocnpy  not  nulike  grounds.  Mr.  Bonney  admits  some  tarns,  like 
£mere,  as  glacial ;  admits,  hesitatingly,  in  part  if  not  wholly, 
le  lakelets,  (do  these  inclade  Grasmere's  neighbours?);  admits 
t  once  a  basin  is  formed,  a  glacier  works  in  it  "under  very 
ourable  conditions"  (Letter  to  Mr.  Fisher,  p.  377),  thus  granting 
he  process  increasingly  favourable  conditions ;  but  demurs  to  the 
:ement  "  that  though  competent  to  deepen  a  lake-basin,  a  glacier 
Id  originate  it."  It  would  thus  seem  to  be  with  Mr.  Bonney 
aestion,  not  of  ability,  but  of  time"  Did  the  glacial  period  last 
g  enough  to  enlarge,  under  "  very  favourable  conditions,"  a  tarn 
v-as  able  to  originate  under  less  favourable  conditions. 
[f  I  understand  Mr.  Bonney  correctly,  we  are  at  one  both  in  our 
lire  to  bring  each  case  to  the  test  of  observation,  and  in  our  ap- 
iciation  of  the  increase  of  theoretical  probability  as  the  series 
ranees  from  tarn  to  lake.  But  if  the  utmost  that  even  his  careful 
lervations  can  do  for  him  is  to  render  the  glacial  theory  probable 
improbable   (p.  376),  then  surely  these  theoretical  probabilities 

worthy  of  greater  weight  than  he  gives  them.  His  illustrations  of 
»wn  sand  eroding  (must  we  say  tarns  ?),  and  Homeric  youths  spread- 
;  erratics,  seem  to  me  scarcely  relevant  to  the  state  of  the  question. 
The  latter  paragraphs  of  Mr.  Bonney's  letter  call  for  no  remark 
m  me,  as  they  involve — at  this  stage — a  knowledge  of  the  Alpine 
es  that  I  do  not  possess.  I  may  assure  Mr.  Bonney,  however, 
t  though  I  have  ventured  to  remark  on  his  theories,  I  do  not 
nation  his  facts. 

The  letter  of  my  friend  Mr.  Judd  I  must  attempt — with  much 
adence  in  my  own  powers — to  answer,  for  it  involves  destruction 
my  position.  First,  let  me  say  a  word  of  explanation.  In  sup- 
jing  me  prepared  **  to  admit  the  overwhelming  probabilities  "  of 
I  subsidence  theory  in  regard  to  all  the  larger  lakes,  Mr.  Judd 
sunderstands  me.  A  priori  probabilities  in  relation  to  lakes  both 
ge  and  small,  I  believe  must  be  conceded  to  both  theories.  But  in 
h  questions,  overwhelming  probability  can  be  allowed  only  to 
jrwhelming  proof. 

[u  the  second  place,  as  regards  the  halting-place  that  Mr.  Judd 
is  between  tarns  and  lakes.  If,  as  I  argued,  a  glacier  is  a  tool 
t  greatly  grows  in  calibre  and  eflSciency  as  a  tarn-hollow  en- 
ges, — that  scrapes  harder  and  scores  deeper,  then  to  concede 
ns  to  the  feebler  tool  and  deny  them  enlargement  by  the  more 
verful,  nothing  being  pointed  to  as  intervening  to  stop  the  action, 
ivhat  may  very  properly  be  characterized  as  not  logical  and  not 
sonable.  Nevertheless,  as  for  want  of  standing  room  and  a 
crura,  Archimedes  found  his  theoretically  infinitely  powerful  tool 
lited  by  "reasonable  proportions" — the  limit  of  all  terrestrial 
Is,  so  are  "  reasonable  proportions  "  the  limits  also  of  glaciers  and 
ir  work.  While  caution  then  compelled  me  to  rememoer,  and  to 
icate  in  my  paper,  that  there  are  limits  to  the  enlargement  of 
ns  by  glaciers,  that  fact — even  in  Mr.  Judd's  able  hands — loaves 

tarn  and  lake  question  precisely  on  its  former  basis. 
kly  friend  suggests  to  me,  however,  an  analogy  which  ma^  \ivi\i^ 
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it  on,  and  aid  me  to  show  the  fallacy  of  the  analogy  by  whidi  he  r 
seeks  to  undermine  some  of  the  grounds  I  oooupy.     Every  one  who   % 
has  studied  streams  and  rivers  knows  that  below  rapids  and  falls,    jt 
and  at  other  places,  they  scoop  pools  much  deeper,  and  also  broader,    \ 
than  the  average  stream  near  the  place.     The  little  runnel  makei  •    1 
rough  dimple ;  the  Highland  bum  a  linn  ;  the  alluvial  river  leavei    i 
in  its  old  channels  small  meres;    and  in  the  valley  of  the  grest     i 
Amazon  these  isolated  pools  are  represented  by  lakelets  or  lakes 
some  ten  miles  long,  roughly  speaking,  and  thirty  or  forty  feet  deep. 
Tiie  nilo  is,  that  ike  volume  of  the  stream  determines  the  size  awi  &t 
contents  hy  volume  of  the  pooh  it  makes,     Glandng  back  now  to  the 
question  of  ''reasonable  proportions,"  it  is  evident  that  this  rule 
must  not  bo  unreasonably  stretched  by  a  use  of  blind  log^a     To  say 
that  it  applies  within  reasonable  limits,  is  correct ;  to  say  tliat  any 
one  allowing  only  the  pools  of  the  bum  to  the  large  river  is  illogical 
(as  well  as  wrong)  is  also  correct     But  to  repudiate  the  rule  becaoae 
it  cannot  explain  lakes  proportioned  by  their  size  to  the  bypothetioal 
pools  of  impossible  rivers,  would  be  simply  futile. 

But  I  proceed  to  apply  this  rule  elsewhere.     Mr.  Judd  refuses  to 
allow  that  a  glacier  grinds  in  a  basin  with  added  force,  on  the  grounds 
that  *'  we  are  led  to  infer"  that  streams  of  water  and  rivers  of  ioe  fall 
under  similar  laws  of  motion  (p.  525),  and  in  a  preceding  paragraph 
(p.  524)  he  says  what  must  involve  belief  on  his  part,  in  the  pro- 
duction by  glaciers  of  basins  proportional  in  superficies  to  the  pools 
of  the  nighland  bum  and  Mississippi  river.     The  above  rule,  that 
streams  of  water  make  their  pools  according  to  their  volume,  being 
correct,  rivers  of  ice,  Mr.  Judd  will  probably  admit,  should  do  like- 
wise.    Now  streams  very  much  broader  than  the  AmsLZon  do  not, 
anil  probably  oould  not  exist,  though  I  am  safe  in  saying  that  if  they 
did  their  pools  would  be  lakes.     But  it  is  a  truism  now-a-days  that 
glaciers  many  times  wider  than  the  Amazon  did  and  do  exist.     The 
Humboldt  glacier  is  about  60  miles  wide ;  ancient  glaciers  moved 
over  plateaux  and  over- rode  watersheds,  and  by  the  analogy  claimed 
by  Mr.  Judd  we  would  be  justified — nay,  encouraged — in  predicating 
as  possible  lakes  limited  in  breadth  only  by  the  volume  of  glacier 
an<l  ice-sheet.    It  is  not  immoderate  then  to  ask  for  the  sprinkling  of 
tarns  and  lakes  which  the  nature  of  the  prc-glacial  surfaces  favoured. 

Altliougli,  as  I  think,  legitimately  damaging  to  Mr.  Judd's  position, 
his  parallel  between  ice  and  water  cannot  strictly  be  carried  out 
The  cascade  of  a  Highland  bum  tumbles  into  a  pool  less  broad  some- 
times than  deep,  and  not  much  longer.  To  accredit  glaciers  with 
such  powers  were  to  forget  an  important  element  of  difierence — the 
greater  rigidity  of  ice.  It  is  this  property — the  same  that  makes 
glaciers  habitually  scratch  rocks  as  well  as  smoothing  them,  thus 
giving  them  a  greater  rock-hollowing  power — that  has  made  it 
possible  for  me  to  argue,  what  could  not  be  argued  of  water,  that 
the  deeper  a  glacier  drives  a  basin,  *'the  more  fully  it  feels  its 
power  and  the  more  easily  and  rapidly  it  works." 

A  word  now  upon  the  strat {graphical  division  of  the  question. 
With  deference  to  Mr.  Judd's  authority,  I  must  say  that  I  cannot 
eg^ree  with  him  that  the  horizontality  ot  t\ie  M^^iiX.  \fiLQ»\\\i\»ixi^  \& ''  an 
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optical  delufiion."  If  the  bonndaTy-lines  of  beds  15  and  20  feet 
thick  can  be  distinguished  separately,  local  defleotions  from  the  hori- 
lontal  even  to  that  amount  should  be  visible  too.  Nor  is  the  fact 
that  they  are  only  "nearly  horizontal"  worthy  of  any  weight.  Their 
dip  is  aJbout  1^  westward.  They  have  been  spoken  of^  as  "with 
their  strata  so  little  inclined  that  these  can  be  traced  by  the  eye  in 
long  horizontal  bars  on  the  side  of  the  steeper  declivities."  But 
whUe  holding  by  what  I  have  affirmed  on  the  subject,  I  am  sensible 
diatMr.  Judd's  objections  can  be  obviated  only  by  an  authority  equal 
to  his  own. 
Wabk-ok-Ttiib,  Now,  \Uh,  HuOH  MiLLEB. 

"THE  CLIMATE  CONTROVERSY." 
Sib, — Will  you  allow  me  to  call  the  attention  of  geologists  inter- 
eited  in  this  subject  to  a  statement  made  by  Sir  George  Nares  to 
the  Geographical  Society. 

He  tells  us  that  in  the  extreme  north  of  Greenland,  as  well  as  on 
the  opposite  side  of  Smith's  Sound,  instead  of  the  land  being  en- 
veloped in  ice  like  the  more  southern  parts  of  Greenland,  the  glaciers 
do  not  reach  the  sea.  This  Sir  George  attributes  to  the  snowfall 
bemg  less  than  the  summer  sun  can  dissolve,  the  suow-bearii\g 
doads  discharging  their  contents  principally  in  latitudes  further 
south,  and  the  land- ice  being  made  up  of  undissolved  snow. 

Now  does  not  this  militate  gainst  the  possibility  of  a  polar 
ice-cap,  as  well  as  against  the  alleged  cumulative  tendency  of 
SDOW  and  ice  over  any  large  portion  of  the  polar  areas  ?  If  with 
the  present  lower  excentricity  the  aphelion  sun  of  the  northern 
summer  is  sufficient  to  dissolve  the  winter  snow  in  latitude  82°, 
would  not  the  perihelion  sun  of  a  high  exceutricity  be  proportionately 
more  effective,  instead,  as  Mr.  Croll  contends,  of  being  insufficient 
to  prevent  the  accumulation  of  snow  ?  During  the  augmented  cold 
of  the  Glacial  period  would  not  the  region  of  excessive  snowfall 
have  been  pushed  down  to  about  lat.  65°  in  Europe  (where  we  find 
evidences  of  the  enveloping  land-ice),  and  the  chief  part  of  Green- 
land, instead  of,  as  now,  being  enveloped  in  ice,  have  been  in  the  ice- 
free  condition  of  the  land  about  Smith's  Sound  ?  And  since  the  cold 
of  that  region,  notwithstanding  this  absence  of  land-ice,  was  found  to 
be  more  intense  than  that  of  latitudes  where  the  ice  envelopes  the  land, 
may  not  the  cold  of  the  Glacial  period  have  been  proportionately  more 
intense  without  any  greater  snow  accumulation  than  now  prevails  ? 

Seables  V.  Wood,  Jun. 


OBIOTTJ.A.ia'X". 


ELKANAH    BILLINGS,    F.G.S. 

BOBN  1820,  DIBD  1876.   AG£D  56  TEAKS. 

The  late  Mr.  Billings  was  bom  in  the  Township  of  Gloucester, 
Dear  Ottawa,  Ontario,  on  the  6th  of  May,  1820.  His  family  came 
origiually  from  Wales,  and  settled  in  the  New  England  States,  but 
subsequently  removed  to  Canada.     Mr,  Billings  was  educateOl  i^axN^Vj 

'  Prof.  GeUde'a  Scenery  of  Scotland,  p.  211. 
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at  Ottawa  and  partly  at  Potsdam,  in  the  State  of  New  York.  Enter- 
ing the  Law  Society  of  Upper  Canada  as  a  student  in  1840,  he  was 
called  to  the  Bar  in  1845.  He  practised  first  in  the  town  oi  Renfrew, 
and  afterwards  in  Ottawa,  or  Bytown  as  it  was  then  called.  While 
residing  in  the  latter  place  he  seems  to  have  found  the  study  of 
nature  more  congenial  to  bis  tastes  than  the  formalities  of  the  Courts; 
but  whether  this  was  the  case  or  not,  it  is  certain  that  he  commenced 
to  <?evote  much  of  his  time  to  collecting  the  organic  remains  of  the 
Silurian  rocks  of  the  neighbourhood,  and  amassed  in  particular  a  ) 
fine  and  almost  unique  series  of  Cystideans  and  Crinoids,  whidi  he 
ultimately  presented  to  the  Museum  of  the  G^logical  Survey. 

His  earliest  contributions  to  the  literature  of  science  were  a  few 
letters  on  geological  subjects  which  appeared  in  the  Ottawa  Citizen, 
but  the  first  palasontological  papers  of  any  consequence  from  his  pen 
were  a  couple  of  articles  **  On  some  new  genera  and  species  of 
Cystidea  from  the  Trenton  Limestone,"  which  were  published  in 
the  Journal  of  the  Canadicm  Institute  of  Toronto  for  1854. 

In  1856  Mr.  Billings  commenced  the  publication  of  the  *' Canadian 
Naturalist  and  Geologist"  as  a  monthly  magazine,  of  which  he  was 
both  editor  and  proprietor.  Out  of  a  total  of  63  papers  in  the  first 
volume  of  the  new  venture,  55  were  either  written  or  compiled  by 
him.  Since  1857  the  ''Naturalist"  has  been  edited  by  a  Committee 
of  the  Natural  History  Society  of  Montreal,  but  Mr.  Billfngs  was 
always  an  active  member  of  this  Committee,  and  there  is  scarcely 
a  volume  of  the  journal  to  which  he  did  not  contribute. 

The  merit  of  Mr.  Billings'  descriptions  of  fossils  and  his  zeal  in 
their  study  did  not  escape  the  notice  of  Canada's  veteran  geologist, 
the  late  Sir  W.  E.  Logan.  Accordingly,  in  1856,  Sir  William  offered 
Mr.  Billings  the  position  of  PalaBontologist  to  the  Geological  Survey 
of  Canada,  an  appointment  which  was  at  once  accepted.  In  the  same 
year  Mr.  Billings  removed  to  Montreal,  the  head-quarters  of  the 
Survey,  and  entered  on  the  discharge  of  his  new  duties,  which  he 
continued  to  perform  with  equal  credit  to  himself  and  advantage  to 
the  country  up  to  the  time  of  his  death. 

His  principal  memoirs  during  his  twenty  years  of  office  are  an 
illustrated  monograph  on  the  Lower  Silurian  Cystidea  and  Asteriadas, 
also  another  on  the  Crinoidea  of  the  same  formation,  which  together 
form  Decades  Nos.  3  and  4  of  *'  Canadian  Organic  Eemains : "  the 
palaeontological  determinations  in  the  "Geology  of  Canada"  for 
1863 :  **  Palaeozoic  Fossils,"  vol.  i.,  with  426  pages  and  401  wood- 
cuts, published  at  Montreal  in  1865  :  Part  2  of  the  second  volume  of 
ditto,  issued  in  1874 :  and  "  Catalogues  of  the  Silurian  Fossils  of  the 
Island  of  Anticosti,"  Montreal,  1866.  He  wrote  numerous  pala>onto- 
logical  papers,  not  only  for  the  "  Canadian  Naturalist,"  but  also  for 
the  American  Journal  of  Science  and  Arts,  and  for  these  pages. 

Mr.  Billings  was  for  many  years  one  of  the  Vice-Presidents  of  the 
Natural  History  {Society  of  Montreal,  was  elected  a  Member  of  the 
Canadian  Institute  of  Toronto  in  January,  1854,  and  a  Fellow  of  the 
Ge<»logical  Society  of  London  in  1858. 

In  1862  he  was  awarded  a  bronze  medal  in  Class  1  by  the  jurors 
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of  the  International  Exhibition  of  London,  and  a  similar  one  at 
the  Exposition  Universelle  of  Paris  in  1867.  In  the  latter  year, 
also,  he  was  presented  with  the  silver  medal  of  the  Nataral  History 
Society  of  Montreal  as  a  mark  of  its  appreciation  of  his  ''  long-oon- 
tinned  and  soooessfnl  labours  in  Canadian  Scienoe/' 

As  a  diversion  from  his  almost  unremitting  palteontological 
nseaiches,  Mr.  BiUings,  at  different  periods  of  his  life,  occupied 
Umself  with  the  study  of  mineralogy  and  entomology.  Among 
insects,  his  favourite  group  was  the  Coleoptera,  and  he  made  quite 
an  extensive  collection  of  Canadian  beetles,  which  a  few  years  since 
he  deposited  in  the  Museum  of  the  Natural  History  Society  of 
MoDtreal. 

Like  many  other  original  thinkers,  Mr.  Billings  was  entirely  self- 
tanght,  so  far  as  science  was  concerned,  and  those  who  were  best 
qaaOfied  to  form  an  opinion  on  both  points  knew  not  which  to 
admire  most,  the  untiring  industry  of  the  man,  or  the  conscientious 
thoroughness  of  his  work.  To  show  that  he  spared  no  pains  to 
increase  his  knowledge  of  the  science  which  he  made  peculiarly  his 
own,  it  may  be  mentioned  that  he  learned  to  translate  with  ectse, 
polaeontological  essays,  written  not  only  in  the  French  and  German, 
but  also  in  the  Norwegian,  Swedish,  cmd  Danish  languages. 

J.  F.  Whiteavks. 


DAVID    FORBES,    F.R.S.,    SEC.  G.S.,    F.C.S.,    ETC. 

Bomr  6  SBPT.  1828.    died  5  dec.  1876.    aged  48  teahs. 

Fob  many  years  past  the  names  of  its  oldest  and  most  eminent 
members  have  one  by  one  been  removed  from  the  list  of  the  Geologi- 
cal Society,  and  we  have  looked  around,  almost  in  despair,  for  men 
to  fill  the  front  benches,  once  distinguished  by  the  presence  of  a 
Murchison,  a  Lyell,  a  Scrope,  a  Sedgwick,  or  a  Phillips.  Now, 
^]na  !  we  have  to  record  with  sorrow  the  loss  of  one  of  those  younger 
members  from  whom  we  had  fondly  looked  for  some  ten  years  at 
least  of  active  scientific  work. 

The  name  of  Forbes  had  already  become  well-known  and  honoured 
in  association  with  the  Geological  and  other  learned  Societies  by  the 
scientific  labours  of  the  late  Prof.  Edward  Forbes,  brother  of  the 
subject  of  our  present  memoir ;  and  when  David  Forbes  returned  to 
England  after  nearly  twenty  years  of  his  life  had  been  spent  abroad 
in  Norway  and*  South  America,  he  was  cordially  welcomed  as  a 
fellow-worker  by  his  brother  Geologists  and  speedily  took  an 
honoured  place  among  them. 

Bom  in  the  Isle  of  Man  in  1828,  he  was  partly  educated  there  and 
subsequently  at  Brentwood  in  Essex.  His  school-days  over,  he  was 
removed  to  the  University  of  Edinburgh,  where,  in  Dr.  Wilson's 
laboratory,  he  laid  the  foundation  for  those  chemical  and  physical 
studies  which  so  distinguished  his  later  years. 

An  early  opportunity  was  afforded  him  of  turning  this  chemical 
and  scientific  training  to  good  accouut,  and  before  he  was  20  he  ac- 
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companied  Mr.  Brooke  Evans  to  explore  the  mineral  resoarces  and 
afterwards  to  superintend  extensive  mining  and  metallurgical  workf 
at  Espedal  in  Norway,  a  post  which  he  held  for  about  12  yean. 
During  this  period  he  travelled  much,  and  lost  no  opportunity  of  in-   J- 
creasing  his  store  of  scientific  knowledge,  as  his  writings  testify.   }- 
David  Forl)es  was  a  man  of  resolute  and  determined  courage,  and   i- 
when  in  Norway,  in  1848,  and  a  revolutionary  movement  threatened    i~ 
the  country,  he  armed  400  of  his  men  to  aid  the  Gt)vemment    For    \ 
this  service  the  King  sent  for  Forbes,  and  thanked  him  persimaUy,    \ 
and  ever  afterwards  remained  his  friend.  f 

During  this  time  he  became  a  partner  in  the  well-known  firm  of  ' 
Evans  and  Askin,  Nickel-smelters,  Birmingbam,  and  it  was  in  oon« 
nexion  with  them  that  he  visited  Chile,  Pern  and  Bolivia,  in 
search  of  Nickel  and  Cobalt  His  investigations  into  the  minenl 
resources  of  these  countries  extended  over  six  years.  During  the 
years  1857-60,  he  made  a  special  geological  exploration  of  certain 
districts  in  South  America,  the  result  of  which,  entitled  "On 
the  Geology  of  Bolivia  and  Southern  Peru,"  was  oommunicated  to 
tlie  Geological  Society  in  I860.. 

The  paper  is  full  of  interesting  details,  and  although  many  points 
may  appear  to  have  been  neglected,  this  is  not  the  result  of  over- 
sight, but,  as  the  author  truly  observes,  is  "  due  to  the  great  difficul- 
ties and  frequently  severe  privations  encountered  in  exploring  a 
country  in  many  parts  entirely  uninhabited,  or  to  a  great  extent  in 
a  savage  condition,  and,  further,  by  having  been  limited  both  as  to 
time  and  pecuniary  resources,  and  hampered  by  other  occupations 
and  by  the  political  state  of  the  country." 

A  second  comnumication  was  to  have  embodied  the  Greology  and 
Mineralogy  of  the  neighbouring  Bcpublic  of  Chile  and  the  Argentine 
Provinces,  which  would  have  strengthened  his  previous  conclusions, 
especially  as  several  of  the  geological  formations  not  well  developed 
or  studied  in  the  districts  described  in  his  first  paper,  were  seen  by 
Forbes  much  better  and  more  characteristically  exhibited  further 
south.  From  South  America  he  made  an  expedition  to  the  South  Sea 
Islands,  and  spent  some  time  in  studying  their  volcanic  formations 
and  minerals. 

During  four  years  he  traversed  Chile  in  all  directions  from  con- 
siderably south  of  Santiago  northwards,  up  to  the  frontiers  of  Bolivia 
in  the  Desert  of  Atacama. 

He  inspected  all  the  principal  and  some  of  the  lesser  mining 
districts  along  the  range  of  the  Cordilleras ;  from  these  he  collected 
a  valuable  and  extensive  series  of  minerals,  including  about  190 
species,  of  which  he  published  a  list  (much  more  copious  than  that 
given  in  the  second  edition  of  Domeyko's  Mineralogy),  together  with 
a  classification,  according  to  the  mode  of  their  geological  occurrence, 
in  his  paper  *' On  the  Mineralogy  of  Chile"  (see  Phil.  Mag.,  1865). 

It  was  with  the  same  view  that  during  his  long  residence  in 
Norway  Forbes  studied  the  Mineralogy  of  the  several  districts  in 
that  country,  viz  with  especial  reference  to  the  circumstances  under 
which  each  mineral  occurred  and  the  causes  which  led  to  its  ap- 
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pearance.    (See  the  Edinb.  PhiL  Journ.,  18o6-57,  and  Quart  Journ. 
GeoL  Soc.  Lond.,  1855.) 

His  cabinets  are  replete  with  abundant  and  carefnllj  selected 
rooks  and  minerals,  all  intended  to  illustrate  the  association,  para- 
geneds  and  mode  of  occurrence  of  minerals  in  connexion  with  the 
origin  and  formation  of  the  rock-masses  or  mineral  veins  in  which 
ihej  are  found  imbedded. 

On  his  return  from  Bolivia  in  1860,  he  was  requested,  previous  to 
his  departure,  bj  a  Committee  representing  the  chief  commercial  and 
mining  interests  of  that  country,  to  address  a  letter  to  Lord  John 
Roaaell  urging  the  re-appointment  of  a  representative  of  the  British 
Government  to  protect  British  interests,  lliis  letter  was  accompanied 
by  a  menK>randum  on  the  resources  of  the  Bepublic.  Although  the 
official  appointment  was  not  then  deemed  necessary,  it  must  have 
been  some  satisfaction  to  Mr.  David  Forbes  to  know  that  a  number 
of  influential  persons  connected  with  mining  enterprises  requested 
8ir  Boderick  Murchison  to  use  his  influence  to  secure  the  appoint- 
ment of  Mr.  David  Forbes  to  the  vacant  post  in  that  country. 

Igneous  and  Metamorphic  phenomena  and  the  resulting  changes 
in  rock-formations  were  among  David  Forbes*8  especial  and  favourite 
studies,  and  he  lost  no  opportunity,  during  his  extensive  travels  iu 
Europe  and  Africa,  but  especially  in  Mexico  and  South  America,  of 
observing  the  effects  of  modem  volcanic  action,  and  their  relation  to 
similar  phenomena  in  past  time. 

Having  ample  opportunities  in  Norway,  in  connexion  with  metal- 
lurgical operations,  he  was  enabled  to  submit  various  rocks  to  very 
high  tem|>eratures  and  pressures  for  longer  or  shorter  periods,  and 
thus  imitate  metamorphic  action  in  the  production  of  various  forms 
of  rock-structures.  The  results  of  these  experiments  were  partly  em- 
bodied in  his  paper  to  the  Geological  Society  in  1855,  **0n  the 
Causes  producing  Foliation  in  Rocks."  Bearing  also  on  this  subject 
are  his  papers  '^On  the  Chemical  Composition  of  some  Minerals 
from  the  South  of  Norway  "  (Brit  Assoc.  Rep.,  1854.  Edinb.  New 
Phil.  Journ.,  1855-57),  "On  the  Igneous  Rocks  of  Staffordshire" 
(Geol.  Mag.  Vol.  III.  p.  23)  and  "  On  the  Contraction  of  Igneous 
Rocks  in  Cooling"  (Geol.  Mao.  Vol.  VII.  p.  1). 

Mr.  Forbes  was  a  Fellow  of  the  Royal,  the  Chemical,  and  the 
Geological  Societies.  Of  the  latter  he  had  been  the  active  Honorary 
Secretary  for  some  years  past.  As  Foreign  Secretary  of  the 
Iron  and  Steel  Institute,  he  has  prepared  for  six  years  (1871-76) 
careful  and  elaborate  details  of  the  progress  of  the  iron  and  steel 
industries  in  foreign  countries,  in  which  his  knowledge  of  lan- 
guages materially  assisted  him.  Nor  did  geological  science  and 
mineralogy  alone  interest  him,  for  as  a  member  of  the  Ethnological 
Society  he  contributed  an  interesting  and  elaborate  paper  "  On  the 
Aymara  Indians  of  Bolivia  and  Peru." 

Upwards  of  fifty  papers  have  been  communicated  by  Mr.  David 
Forbes  to  the  Scientific  Societies  and  Journals,  besides  a  long  series 
of  articles  in  the  "  Chemical  News,"  the  Transactions  of  the  "  Iron 
and  Steel  Institute."    Sixteen  of  Mr.  Forbears  articles  aii^  \^\X6t^ 
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have  appeared  in  the  Gbolooioal  Magazine  from  1866 — 1872.  Thej 
all  indicate  the  tendency  of  his  mind  to  study  the  bearings  of 
chemistry  on  igneous  and  oosmioal  phenomena.  Forbes  felt  that 
whilst  in  other  departments  of  Geology,  Great  Britain  was  foremost, 
she  was  far  behind  in  the  study  of  Chemical  Greology,  and  he  hoped 
that  others  might  be  induced  to  devote  themselves  to  this  most 
interesting  and  prolific  branch  of  scientific  inquiry.  His  views  were 
expressed  in  his  paper  on  "Chemical  Geology"  {Chemical  Newt, 
1867' and  1868;  Popular  Science  Review,  1868;  Geol.  Mao.,  1868, 
Vol.  V.  p.  366,  and  in  his  Lecture  to  the  Chemical  Society,  1868), 
and  also  in  his  paper  on  the  "  Chemistry  of  the  Primeval  Earth,'' 
(Gkol.  Mao.,  1867,  Vol.  IV.  p.  483  ;  and  1868,  Vol.  V.,  p.  105),  in 
which  he  criticized  certain  opinions  of  Dr.  Sterry  Hunt  published  in 
his  lecture  at  the  Royal  Institution  (1867)  on  the  same  subject 
(Gkol.  Mao.  1867,  Vol.  IV.  p.  357). 

His  most  important  papers  are  already  quoted  in  the  body  of  this 
memoir,  to  which  may  be  added  the  following : — 

*'  On  the  Relation  of  the  Silurian  and  Metamorphic  Bocks  of  the  South  of  Korwar.' 

Edinb.  New  Phil.  Journ.  1866,  iii.  p.  79. 
**  On  the  Causes  producing  Foliation  in  Rocks."    Quart.  Journ.  GeoL  Soc.  1855, 

xl.  p.  166. 
"  On  the  So-called  Primitive  Formation  of  the  South  Coast  of  Norway."    Qaaii. 

Journ.  Gcol.  Soc.,  1858,  xiv. 
"  On  the  Geology  of  South  America,**    Quart.  Journ.  Geol.  Soc.  1860. 
"  On  the  application  of  the  Blowpipe  to  the  Quantitative  Determination  of  certain 

Minerals" — a  series  of  papers  in  the  "  Chemical  News.*' 
"  Researches  in  British  Mineralogy."    Phil.  Mag.,  1867  and  1868. 

Mr.  Forbes  devoted  himself  almost  entirely  to  his  professional 
and  literary  pursuits,  and  took  but  little  physical  exercise,  and  it  is 
to  be  feared  that  his  too  sedentary  habits,  together  with  the  sad 
domestic  loss  he  had  recently  suffered,  depressed  his  spirits  and 
broke  up  a  constitution  already  to  some  extent  enfeebled  by  recur- 
rent fever  caught  in  South  America,  and  so  accelerated  his  end. 

His  loss  is  keenly  felt  by  those  friends  who  really  knew  his  genial 
and  social  character ;  whilst  his  scientific  associates,  who  had  hoped 
for  the  further  prosecution  and  publication  of  his  researches  and 
observations  on  rocks  and  minerals  will  all  regret  his  vacant  place  in 
their  midst. 

Removed  from  us  at  so  early  a  period  in  his  career,  when  his  future 
promised  a  devotion  to  his  favourite  studies  and  the  arrangement 
of  the  scientific  notes  he  had  so  earnestly  collected,  some  of  which 
it  is  hoped  may  still  be  rendered  available,  although  we  fear,  wiUi 
regard  to  a  large  proportion,  the  mind  of  the  master  whose  hand 
penned  them  could  alone  render  them  useful  for  scientific  purposes. 
Endowed  with  great  mental  activity,  although  partly  impaired  of 
late  by  the  state  of  his  health,  he  seems  to  have  acted  on  the  motto 
of  the  great  Swedish  naturalist — 

"Nulla  dies  sine  linea." 

J.  M. 
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I. — On  bomb  New  Pycnodonts. 

Bj  Sir  Philip  GRBT-EoiBToy,   Bart.,  M.P.,  F.R.S.,  F.6.S. 

(PLATES  III.  AND  IV.) 

1.  GcBLODua  XLLipnous,  Egerton.    PL  III.  Fig.  1. 

Mb.  Alfred  Cbateit,  who  for  some  months  past  has  been  oooupied 
in  making  a  collection  of  the  organic  remains  found  in  the  Gault  at 
Folkestone,  has  submitted  to  me  for  examination  and  description 
(if  requisite)  a  specimen  of  a  Pycnodont  jaw  which,  both  for  the 
perfect  condition  in  which  it  is  preserved  and  for  the  peculiarity  of 
its  characters,  is  worthy  both  of  description  and  representation.    The 
cpecimen  is  the  right  mandible  with  most  of  the  tritoral  teeth  pre- 
lerved  in  their  natural  position.     It  betokens  a  fish  of  the  largest 
size  of  the  family  to  which  it  belongs,  rivalling  in  this  respect  even 
the  Pycnodua  gigas  of  the  Jura  beds,   llie  symphyseal  border  (PI.  III. 
Fig.  1  s)  measures  two  inches  and  eight- tenths  of  an  inch  in  length, 
and  half  an  inch  in  thickness.    As  the  anterior  extremity  is  wanting, 
the  natural  size  was   probably  half  an  inch  longer.     The  outer 
aiaigin  of  the  jaw  measures  four  inches,  and  the  basal  line — connect- 
ii^  the  outer  and  symphyseal  elements  of  the  triangle — three  inches 
and  two-tenths.     Tlie  dental  armature  is  composed  of  four  ranks  on 
the  anterior  and  three  on  the  posterior  area  of  the  mandible.     The 
iuier  row  (PL  III.  Fig.  1  a)  consists  of  teeth  very  considerably  larger 
than  those  of  the  succeeding  rows.   Six  of  these  are  retained ;  but  as 
the  anterior  extremity  of  the  bone  is  broken,  there  were  probably  one 
or  two  more.     The  individual  teeth  measure  nine-tenths  of  an  inch 
by  four-tenths.     They  are  elliptic  in  outline,  but  slightly  crescentic 
on  the  anterior  margin.     The  four  anterior  plates  show  progressive 
markii  of  attrition ;  but  the  fifth  and  sixth,  not  having  as  yet  come 
mto  contact  with  the  vomerine  teeth,  disclose  the  peculiar  character 
of  the  dentition.     This  consists  in  the  occurrence  of  a  longitudinal 
lulciu  on  the  anterior  face  of  the  tooth,  corresponding  in  form  with 
the  oniline  of  the  tooth,  and  bordered  by  a  slightly  crenulated  mar- 
gin ;  the  remaining  area  of  the  tooth  being  perfectly  smooth.     The 
whole  triturating  surface  is  coated  with  a  thick  and  lustrous  enamel. 
The  second  rank  (PL  HI.  Fig.  1  h)    contains    eleven  teeth   of  an 
elongated  elliptic  form,  constricted  at  the  waist,  like  an  hour-glaps. 
They  measnre  six- tenths  of  an  inch  in  length.    They  are  so  an*angcd 
that  the  alternate  teeth  are  opposite  to  the  intervals  between  tlvoft^ 
of  the  inner  or  principal  tow.     They  all  have  the  longitud\iva\  iwx- 
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row  cbaracteristic  of  the  larger  teeth,  but  it  oocors  in  the  centre  of 
the  denticle,  and  is  deeper  in  proportion  to  the  size  of  the  tooth,  so 
that  it  is  hardly  altogether  efiiBu»d  by  use.  The  four  posterior  teeth 
of  the  third  row  (PI.  III.  Fig.  1  c)  are  smaller  than  those  of  the  second, 
and  the  outline  is  less  elliptic  and  more  irregular.  These  also  have 
the  central  furrow  described  before,  but  modified  in  harmony  with 
the  form  of  the  teeth.  The  teeth  in  front  of  these  (PL  IIL  Fig.  1  d) 
are  in  a  double  row,  and  seem  to  have  arisen  frt>m  divided  germs, 
each  pair  making  up  the  form  and  size  of  one  of  the  posterior  teeth, 
suggesting  the  idea  that  the  single  teeth  of  the  hinder  portion  of  the 
rank  are  replaced  by  twin  teeth  in  the  front  of  the  mandible.  This 
peculiarity  will  be  alluded  to  more  particularly  hereafter.  The 
result  is  a  great  irregularity  in  this  part  of  the  dentition.  Some  of 
these  small  teeth  are  elliptical,  some  more  or  less  rounded,  some 
trigonal;  some  have  the  larger  axis  to  the  front,  others  coincide 
with  the  two  inner  ranks  in  having  the  larger  axis  transversaL 
They  all,  however,  have  a  central  pit  varying  in  form  with  the  out- 
line of  the  tooth.  The  mandibular  bone  (PL  IIL  Fig.  1  si)  extends 
an  inch  or  more  backwards  beyond  the  dentigerous  area ;  it  is  close- 
grained  and  solid,  and  measures  an  inch  in  thickness  in  the  middle, 
and  thins  off  a  little  towards  the  symphysis,  and  more  so  to  form  the 
outer  edge  of  the  mouth. 

Before  attempting  to  determine  to  which  genus  of  the  Pycnodont 
family  this  specimen  is  referable,  it  will  be  necessary  to  notice 
some  of  the  discrepancies  which  occur  in  the  writings  of  those  authors 
who  have  treated  of  this  subject  with  regard  to  the  number  of  the 
ranks  of  mandibular  teeth.  Agassiz '  says,  "  The  lower  jaw  is  car- 
petted  with  large  teeth  arranged  in  three  or  five  ranks  on  each  side." 
rictet*  follows  this  dictum.  Wagner  and  Thiolliere,' on  the  contrary, 
maintain  that  the  correct  number  is  four  ;  but  in  the  figure  given  by 
the  latter  of  Pycnodm  Bemardi  (pi.  5,  fig.  2),  five  rows  are  distinctly 
shown.  Sauvage^  divides  the  genus  into  those  with  four  rows  and 
those  with  more.  The  great  opportunities  afforded  me  of  examining 
these  interesting  remains  of  a  family  entirely  extinct  since  the 
Miocene  age  have  led  me  to  think  that  much  irregularity  obtains  in 
the  development  of  the  marginal  rows  of  tritoral  tee^,  and  that 
these  variations  are  not  of  specific  value  except  in  cases  where  they 
are  constant  In  Fycnodus  Bucklandi,  Ungii  and  parvus  there  are 
always  five  and  sometimes  six  rows.  The  inner  row  when  present 
is  invariably  composed  of  small  teeth,  which  are  sometimes  irregular, 
sometimes  have  fallen  away  through  use  or  age,  and  in  one  specimen 
in  my  collection  are  duplicated.  The  second  row  is  always  com- 
])Osed  of  the  largest  teeth  and  is  generally  constant  in  character. 
The  third  row  is  also  for  the  most  part  regular,  but  composed  of 
much  smaller  teeth  than  the  second.  The  outer  rows  are  subject  to 
great  irregularities  in  number,  form,  and  position.     In  some  cases 

'  Foissons  Fossiles,  vol.  2,  pt.  2,  page  183. 

*  Traits  de  Pal^ntologie,  vol.  2,  p.  197. 

*  PoiBsons  Fossiles  du  Bugey,  p.  11. 

*  Poiisons  des  FormationB  Secondaires  da  Boulonnais. 
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small  teeth  are  intercalated  between  the  rows,  in  others  the  larger 
teeth  are  replaced  by  two  smaller  ones,  as  in  the  specimen  described 
in  this  article ;  bat  in  every  case  these  teeth  are  smaller  than  those 
of  the  principal  row.  In  the  genus  Gyrodtu  the  dental  formula 
does  not  appear  to  be  subject  to  these  irregularities,  there  being  con- 
stantly four  rows  in  each  mandible,  and  five  in  the  vomer.  In  this 
genus  the  outer  row  comes  next  in  size  to  the  principal  row,  and  all 
the  teeth  have  a  central  eminence  surrounded  by  a  fossa.  In  Microdon 
also  the  teeth  of  the  outer  row  of  the  four  are  next  in  size  to  the 
principal  ones. 

PaloBohaUstvm  of  de  Blainville  has  three  rows,  the  component 
teeth  being  arranged  obliquely.  In  Mesodon  of  Wagner  the  teeth 
are  oval^  concave,  and  notched  on  the  periphery.  HeckeP  has  added 
two  genera  to  the  family, — Stemmatodtis  having  three  rows  of  teeth 
on  either  side  with  notched  borders  and  granulate  crowns;  and 
Cadodus  described  as  having  three  rows  on  each  mandible,  elliptical^ 
with  a  slight  depression  on  the  surface  of  each  tooth.  He  has, 
moreover,  upon  the  evidence  of  anatomical  structure  combined  with 
the  dental  characters,  remodelled  the  arrangement  of  the  species  of 
this  family. 

Microdon  hexagonuB  and  rugtdosua  of  Agassiz  are  referred  to 
Qjfrodus,  as  is  also  Microdon  truncatuB  of  Wagner.  Pycnodus  Itiert, 
Sauvananif  Bertuirdi,  Egertoni,  and  Wagneri  of  Thiolliere ;  PyenoduB 
mmbonatus  and  JSugii  of  Agassiz ;  and  Pycnodua  formostis  and  Betusii 
of  Wagner,  are  removed  to  the  genus  Microdon,  Oyrodus  macropterit$ 
of  Agassiz,  and  Fycnodus  liasBicus  mihi,  are  joined  to  Mesodon, 
PycnoduB  rhombua  of  Agassiz  goes  to  StemmatodtiB,  and  Pycnodus 
orbiculatuB  of  Agassiz  to  its  pristine  genus  FalcBohaliBtum  of  de  Blain* 
ville.  The  new  genus  CododuB,  in  addition  to  the  many  fine  species 
of  entire  fish  found  in  Austria,  is  made  to  include  Pycnodus  rhombua, 
and  GloBBoduB  anguatatiiB  of  Costa -and  Pycnodus  Mantelli  of  Agassiz. 

On  comparing  the  Folkestone  fossil  with  these  several  forms, 
there  is  no  doubt  but  that  it  mostly  resembles  the  genus  Coelodua  of 
Heckel.  A  detached  tooth  from  the  outer  row  might  indeed  be 
mistaken  for  a  Oyrodus  tooth  if  the  crown  were  at  all  ground  down, 
bat  in  a  yoimg  tooth  with  the  surface  intact  the  diiference  is  very 
discernible.  In  specimens  having  the  ranks  of  teeth  preserved 
there  can  be  no  mistake,  as  in  Gyrodus  the  teeth  of  the  outer  row 
are  next  in  size  to  the  principal  teeth,  whereas  in  Coelodua  they 
diminish  progressively  from  the  inner  to  the  outer  series.  Tlie 
number  of  the  dental  ranks  in  the  hinder  part  of  the  jaw  agrees 
with  Heckers  formula,  and,  as  I  have  stated  before,  I  do  not  con- 
sider the  irregularity  of  the  subsidiary  ranks  in  the  anterior  portion 
as  indicative  of  generic  variation.  Assuming  then  that  this  mandible 
belongs  to  Coelodua,  it  is  manifest  that  it  cannot  be  identified  with 
any  of  the  species  of  the  genus  yet  described.  It  is  of  larger  size 
than  the  Coelodua  Snttimua  figured  by  Heckel,  and  differs  from  that  and 
all  the  other  species  in  having  the  teeth  of  the  second  row  more 
namerous  and  more  elliptical.    I  propose  to  call  it  Ccelodw  elUptic\]L&. 

»  Beitrag-e  zar  Kenntniss  dor  fossilen  Fische  Oesterrciclia,  pt.  1, 
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sketches  of  three  Pyonodont  mandibles  which  I  considered  could 
not  all  be  referred  to  Pycnodtw  toliapicua.  For  thirty  years  the 
subject  escaped  my  memory,  until  the  examination  of  the  Folkestone 
specimen  described  in  a  previous  article  reminded  me  of  the 
occarrence,  and  induced  me  to  make  a  comparison  between  it  and 
the  Bowerbankian  specimens  now  in  the  British  Museum.  Two  of 
these  belong  no  doubt  to  Pyenodus  toliapicus.  They  are  right  and 
left  mandibles,  and  so  nearly  of  a  size  that  they  might  have  belonged 
to  the  same  individual.  The  right  jaw  has  three  rows  of  teeth. 
Those  of  the  inner  row  are  the  largest.  They  are  five  in  number 
and  elliptic  in  form,  agreeing  in  the  latter  respect  with  the  descrip- 
tion given  by  Agassiz:  ''The  principal  teeth  are  elongated  and 
rounded  at  the  extremities."  The  second  row  contains  six  teeth 
very  much  smaller  than  those  of  the  inner  row,  and  of  ovoid  out- 
line ;  the  third  row  has  four  teeth  of  similar  figure  to  the  preceding 
ones,  but  rather  smaller.  The  left  mandible  corresponds  in  these 
details  with  the  right,  but  has  in  addition  an  inner  row  of  small 
teeth  between  the  principal  row  and  the  symphysis,  of  which  three 
anterior  ones  are  apparently  m  stttL  The  occurrence  of  this  inner 
row  of  denticles  is  not  in  my  opinion  of  specific  signification  when 
the  other  characters  correspond  so  closely.  It  is  constant  in  Gyrodua, 
but  in  Pycnodua,  as  I  have  before  stated,  it  is  by  no  means  a  charac- 
teristic feature.  When  it  is  present  the  component  teeth  are  invariably 
smaller  than  any  others.  On  comparing  these  specimens  and  the 
figure  of  Pycnodua  toliapicua  given  on  pi.  72  a.  fig.  55j  of  vol.  ii. 
pt.  2,  of  the  Poissons  Fossiles,  with  the  figure  of  Feriodus  Kcenigi, 
figs.  61-2  on  the  same  plate,  and  the  specimens  in  the  British  Museum 
and  my  own  cabinet,  I  am  at  a  loss  to  discover  any  difierence  either 
generic  or  specific  between  them.  The  specimens  of  Periodua  have 
been  more  rubbed  down  by  use,  and  the  discrepancy  in  the  form  of 
the  crowns  is  due  to  the  unequal  attrition  of  the  vomerine  teeth. 

The  third  specimen  from  Dr.  Bowerbank's  collection  is  a  right 
mandible  in  beautiful  preservation.  It  is  quite  as  large  as  Coelodna 
eilipticua  described  above,  and  contains  three  rows  of  teeth.  The 
inner  or  principal  row  (PI.  III.  Fig.  2  a)  has  five  normal  teeth  in 
series  and  a  sixth,  the  anterior  one,  replaced  by  what  I  have 
designated  a  twin  tooth  (PL  III.  Fig.  2/).  The  regular  teeth  of 
this  row  are  larger  and  more  obtusely  oval  than  those  of  Pycnodua 
toUapictis,  The  twin  tooth  is  divided  into  a  circular  denticle,  rather 
irr^^lar,  and  a  crescentic  portion  embracing  the  inner  periphery  of 
the  former.  I  have  already  alluded  to  this  dentary  sport  as  being 
not  uncommon  in  some  of  the  Pycnodont  genera.  The  second  series 
(PI.  III.  Fig.  2  b)  comprises  eight  teeth,  which,  although  considerably 
smaller  than  the  principal  grinders,  are  nevertheless  comparatively  of 
larger  size  than  those  of  Pycnodua  toliapicua,  Tliey  are  elliptic  in 
form,  differing  also  in  this  respect  from  the  oval  teeth  of  that  species. 
The  outer  row  (PL  III.  Fig.  2  c)  contains  six  teeth  very  much 
smaller  and  nearly  circular;  the  crown  or  triturating  surface  of  those 
not  yet  come  into  use  is  irregularly  puckered.  It  will  be  gathered 
from  these  details  that  the  species  is  well  characterized  and  Xitoa'^^ 
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diBtinct  from  any  other  of  the  ^nus.  I  have  named  it  after  i 
discoverer  and  former  poeseBsor,  Dr.  Bowerbank,  who,  I  am  happy 
know  is  still  able  to  take  his  share  of  scientific  work  in  those  brancb 
of  research  in  which  he  has  laboured  so  hard  and  done  so  much. 

4.  On  a  Yomerike  Plate  of  a  Ptonobus  fbom  thb  London  Cu 
Sheppey.    PL  IV.  Figs.  1,  2. 

I  have  long  had  in  my  possession  a  Pycnodont  vomer,  found 
the  Eocene  Clay  of  the  Isle  of  Sheppey,  which  first  gave  me  a  el 
to  the  anatomical  details  of  the  maxillary  apparatus  in  this  famil 
Having  been  found  in  clay,  the  matrix  was  easily  cleared  away 
as  to  display  the  entire  bone,  in  so  far  as  it  was  preserved.  T 
five  rows  of  teeth,  forming  the  roof  of  tlEie  mouth  in  all  the  spec 
of  Pycnodua,  are  implanted  on  the  under  surface  of  the  Yomeri 
plate,  which  is  fully  one  inch  in  width.  A  solid  vertical  plate 
bone  (PL  IV.  Fig.  1  v)  ascends  from  the  upper  surface  of  the  von 
to  the  height  of  one  inch,  where  it  meets  a  corresponding  descendi 
plate  (PL  IV.  Fig.  1  n)  of  the  nasal  (Ethmoid)  bone,  to  which  it 
united  by  suture.  The  anterior  margins  of  both  bones  expa 
transversely  so  as  to  form  a  frontal  shield  seven-tenths  of  an  in 
wide,  to  which  the  premaxillary  bones  were  attached.  This  structi 
has  been  well  described  by  ThioUiere,  who  remarks,  "L'ethmoide 
remarquable  par  I'^tendue  de  la  cloison  verticale  qu'il  presente  < 
dessous  du  front,  et  au-dessus  du  sphenoide  anterieure  et  du  vome 
The  total  height  of  the  frontal  profile  is  two  inches  and  a  half,  1 
the  upper  portion  of  the  nasal  bone  is  broken  away.  The  anj 
formed  by  the  frontal  line  and  the  palate  is  sixty-seven  degre 
Although  I  have  stated  that  the  nasal  bone  is  united  by  suture 
the  vomer,  this  mode  of  attachment  is  confined  to  the  frontal  uni* 
Two  thin  lateral  plates  of  bone  expand  downwards  from  the  si< 
of  the  nasal  bone  and  overlap  the  vomerine  walls  to  within  half 
inch  of  the  dentary  platform.  The  space  thus  left  of  the  vomer  1 
the  appearance  of  a  shallow  groove,  and  this  groove  (PL  IV.  Fig.  1 
at  its  distal  extremity  is  arched  over  by  a  fragment  of  bone  (PL  1 
Fig.  1 «),  probably  an  anterior  process  of  the  presphenoid,  fomii 
a  large  foramen,  which  in  all  probability  constitutes  the  olfact( 
duct.  The  dentigerous  platform  of  the  vomer  measures  two  inc' 
and  a  half  long  by  one  inch  and  four-tenths  wide.  The  med 
row  (PL  IV.  Fig.  2  a)  counting  from  behind,  has  four  large  o 
teeth  in  succession,  then  comes  a  smaller  circular  tooth,  succeec 
by  a  still  smaller  one,  and  in  front  a  tooth  of  the  normal  form  b 
size.  This  affords  another  and  striking  instance  of  the  irregulai 
in  the  tooth  development  in  the  Pycnodont  family  to  which  I  hi 
before  referred.  The  second  row  on  the  right  side  (PL  IV.  Fig.  2 
has  four  teeth  in  order,  the  two  next  wanting,  and  the  front  on€ 
sitii.  On  the  left  side  (PL  IV.  Fig.  2  c)  there  are  six  teeth, 
regular.     All  the  teeth  in  these  rows  are  oval  and  arranged  obliqu 

^  Thiolliere  is  inclined  to  think  that  the  so-called  Vomer  may  be  compoundei 
three  bones,  the  Vomer  proper  carrying  the  three  median  rows  of  teeth,  and 
Palatine  or  Maxillary  bones  the  outer  or  marginal  rows. — Fowotu  FouiUi  du  Bu 

18. 
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to  the  interspaoefl  of  the  teeth  in  the  median  row.  The  outer  row 
on  the  right  side  (PI.  lY.  Fig.  2  d)  has  four  teeth,  one  Tacanoy  and 
an  anterior  oiroular  tooth,  aimilar  to  the  small  oircular  tooth  of  the 
median  set.  All  the  teeth  on  the  left  side  are  broken  away  except 
the  anterior  one  (PI.  IV.  Fig.  2  e)  and  a  small  irregular  tooth,  similar 
though  smaller  than  those  in  the  median  and  right  outer  ranks. 
These  teeth  are  oval  on  their  inner  peripheiy,  but  truncated  along 
the  maxillary  border.  All  the  teeth  in  this  specimen  which  have 
not  been  ground  down  by  use  have  a  shallow  depression  in  the  centre 
of  each  tooth,  over  which  the  outer  coat  or  layer  of  ganoine  is  spread 
in  minute  folds  radiating  from  the  centre.  This  type  of  tooth,  as  I 
have  before  explained,  is  easily  distinguishable  from  the  dentition  of 
Op'odus, 

As  there  is  no  instance  on  record  of  the  occurrence  of  a  Sheppey 
Pycnodont  with  the  upper  and  lower  masticating  apparatus  so 
associated  as  to  render  it  probable  that  they  were  derived  from  the 
same  individual,  it  is  impossible  to  determine  whether  the  specimen 
here  described  should  be  assigned  to  Pycnodus  ioUapieuB  or  to 
PffcnoduB  Bowerhanki,  or  to  tieither.  The  light  thrown  upon  the 
Bubject  by  the  examination  of  other  species  in  which  the  dentition 
is  accurately  known,  leads  to  the  conclusion,  that  the  median 
vomerine  teeth  agree  in  general  character  with  the  large  mandibular 
teeth,  but  are  more  obtuse  in  outline.  If  this  be  so,  this  vomer  is 
more  nearly  related  to  Pycnodus  toliapicus  than  to  Pycnodtu  Bower' 
hanki ;  at  the  same  time  in  other  respects  it  so  far  differs  that  I 
must  hesitate  to  consider  it  as  referable  to  that  species.  The  most 
striking  character  of  this  interesting  relic  is  the  extraordinary  mo- 
dification of  the  facial  anatomy  for  affording  power  to  work  the 
masticating  apparatus,  and  suggests  to  me  the  provisional  name  of 
Pycnodus  pachyrhinue, 

EXPLANATION  OP  PLATES  III.  AND  IV. 

Plate  III.  Fio.  1. — Calodta  eliiptieut,         Egerton.  Right  mandible. 

„        Fio.  2.^J*ycnodui  Bowerbanki^         „  Right  mandible. 

Plate  IV.  Fio.  1. — FycnoduM  paehyrhinus,        „  Vomer.     Profile. 

„        Fio.  2. — Pyenodui  pachfrhmutj        „  Vomer.     From  below. 

„        Fio,  i.—Gxiodus  ffyrodoides,  „  Vomer.    From  below. 


IL — ^NoT«   ON  THE  Ornus   AnthiulPal^mon  (Pal^ocarabus)    of 

Salteb,  from  tue  Coal-measubes. 

''The  earliest  known  example  of  a  fossil  Maorourous  Decapod 
Crustacean  was  obtained  by  Prof.  Prestwich  from  the  Pennystone 
Ironstone  of  the  Coal-measures,  Coalbrook-dale,  Shropshire,  and  was 
at  that  time  referred  by  Prof.  H.  Milne-Edwards,  who  examined  it,  to 
the  Phtllopoda  under  the  name  of  Apua  dubius  (see  Trans.  Geol.  Soc. 
Lond.,  1836,  2nd  series,  voL  v.  p.  413).  In  1844  some  further  re- 
mains of  this  genus  were  noticed  by  W.  Ick,  Esq.,  F.G.S.  (see  Quart 
Joum.  G^l.  iSoc.  Lond.,  vol.  i.  p.  199).  We  are  indebted  to  the  late 
Mr.  J.  W.  Salter  for  the  first  correct  account  of  these  Crustacea  in 
1861,  when  be  figured  the  almost  entire  form  from  a  specimen  in 
the  collection  of  Dr.  William  GroBB&rt,  obtained  in  t\xe  ^  sVsX*^  \Aaj^- 
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band'  960  feet  below  the  'EU-coal'  at  Ooodhook  Hill,  Shotts, 
Lanarkabire.  For  this  form  Mr.  Salter  proposed  the  genas  Anlkra- 
palamon  (a.  name  wbicb,  as  he  observes,  'has  only  a  general  signi- 
fication, and  ia  not  intended  to  indicate  a  real  relation  to  Palamon,' 
to  which  genua  it  has  not  the  least  resemblanoe  or  affinity).  He  also 
added  the  speoifio  name  of  Qrosiartii. 

"Mr.  Salter  also  proposed  for  the  Coalbrook-dale  form  {Apui 
dubiua  of  Milne-Ed wanle)  the  Bub-generio  appellation  of  Palteo- 
earahw.  This  sub-genns  was  subsequently  erected  into  a  genus  by 
the  same  author,  and  a  new  speoies,  described  under  the  specific 
appellation  RuMtHianta,  was  added." 

In  a  paper  communicated  to  the  Glasgow  Gleolc^col  Society,^  from 
which  the  above  is  an  extract,  Mr.  Woodward  has  pointed  out  tbat 
the  characters  upon  which  Mr.  Salter  depended  for  his  new  genus  and 
species  were  based  on  aa  aocidental  displacement  of  the  antenaules 
and  antenna. 

Mr.  Wcx>dward  further  concludes  that  there  are  no  good  grounds 
for  maintaining  two  genera  on'  these  Crustacean  remains  from  the 
Ironstone.  The  oarapocee  of  A.  Qrouarlii  and  P.  ButieUianiu 
freeing  in  all  particulars.  Ae  Anthrapakanott  has  two  years'  priority 
over  Palmoearabat,  Mr.  Woodward  su^ests  the  retention  of  the 
older  name. 

Ia  their  FalEsontology  of  Illinois  (1868,  vol.  iii.  p.  SS4)  Messrs. 
Meek  and  Worthen  have  figured  and  described  another  example  of 
this  type  under  the  name  of  Anthrapalamon  graeilit,  which  in  many 
respects  closely  agrees  with  the  Scottish  and  English  forms. 

The  subjoined  note  by  Principal  Dawson,  F.B.S.,  on  a  new  form  of 
Anthrapnlamon  from  Nova  Scotia,  adds  yet  another  locality  to  the 
wide  distribution  of  this  Palieozoio  type. — Edit.  Gkol.  Mao. 


III. — Mote  on  two  Palxozoio  Cbdbtaoeanb  rsox  Nota  Scotia. 
By  J.  W.  Dawwk,  LI,.D.,  F.R.S.,  F.G.8., 

Principal  of  M'Gili's  College,  Montreal,  Canada. 
Fig.  1.'  AnlkrapalamoH  (PalceoearabM)  HitUana,  n.B. 
TnE  specimon  referred  to  in  the  following 
noto  is  I  believe  the  first  example  of  a  Ma- 
croiirous  Crustacean  from  the  Carboniferous 
of  Nova  Scotia ;  and  it  is  interesting  to  find, 
as  pointed  out  to  me  by  Mr.  Woodward,  that 
ilB  afiinities  are  so  otose  with  the  long  known 
PalaoearabuB  dubiia  of  Prestwich,  and  Anthra- 
paltemon  of  Salter,  from  the  English  and  Scottish 
Coal-measures,  It  was  found  by  Mr.  Albert 
G.  Hill,  manager  of  the  Cumberland  Coal-mine, 
at  the  South  Joggins  in  Nova  Sootia,  in  one  of 
the  bands  of  black  bituminous  limestooe  which 
occur  in  the  middle  part  of  the  Coal  Formation. 
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It  ia  BSBOoiated  with  Bhells  of  Naiadites  earbonartui  and  If.  tlongaUii 
{Jnlkrncomya  of  Salter)  and  with  cara- 
paces of  Ct/there  and  Bairdia. 

Thfl  specimen  is  a  flattened  oarapaoe, 
withont  any  of  the  other  parts.  Its 
length,  without  the  rostrum,  ia  0-9  inch. 
The  roetmm  projects  0  2d  inch.  The 
eitieme  breadth  ia  0-85  inch.  The 
surface  is  smooth  at  the  sidee,  but  pa- 
pillose in  the  median  portion.  Ae  com- 
pared with  the  published  figures  and 
descriptions  of  J*,  dubiiu,  its  distinctive 
cbaracteiv  appear  to  be : — 1.  The  uhorter 
tOBtrum  and  larger  spines  at  the  anterior 
angles.  2.  The  reduction  of  the  denta- 
tiuns  on  the  anterior  part  of  the  aides  to 
five  in  number.  3.  The  presence  of  two 
strong  spines  in  front  of  the  cervical 
groove  at  each  side  of  the  base  of  the 
rostrum,  and  parallel  to  it,  and  rather 
leu  than  half'way  between  it  and  the 
l&tend  margins.  Whether  the  dorsal 
ridge  extended  to  the  posterior  margin 
cannot  be  seen,  as  this  part  of  the  crust 
is  imperfect  In  other  respects  it  re- 
sembles the  British  species,  and  may  be  p  o 
merely  one  of  its  varietal  forms.  ™' 
Fig,  2.'     Somalonotut  Batctoni,  Hall. 

This  species  was  described  bj-  Prof,  Hall  in  the  Canadian 
Xuturalist  in  1860,  from  Bpccimena  of  the  pygidium  and  portiona  of 
tbe  body  segments,  collected  at  Arisaig,  in  Nova  Scotia.  The 
cephalic  shield  was  afterwards  found  at  the  same  place,  and  was 
'lescribed  and  figured  by  Dr.  Dawson,  in  "  Acadian  Geology,"  second 
eilition,  1868.  The  present  specimen,  showing  the  entire  length  of 
the  body,  with  the  eioeption  of  a  amall  part  of  the  posterior 
extremity,  was  found  by  Mr.  D.  Fraaer,  in  the  Upper  Silurian  slates 
of  the  East  River  of  Pictou,  Nova  Scotia. 

Tbe  e[)ccimen  is  a  cast  of  the  inner  surface  of  the  crust,  ao  that  the 
deep  transverse  furrows  are  not  the  margins  of  the  segments,  but 
tbe  impressions  of  their  strong  iuternal  ridges.  Tbe  ends  of  the 
pleurte  are  bent  down  abruptly  at  right  angles  to  the  back,  giving  it 
a  very  narrow  appearance  when  viewed  from  above ;  but  this  may 
be  partly  a  result  of  distortion,  in  connexion  with  the  alaty  cleavage 
vhich  has  affected  the  rock.  Still,  from  the  great  width  of  the  seg- 
ments, the  thoras  is  of  great  length,  in  comparison  with  the 
cephalic  shield  and  pygidium.  and  this  seems  to  be  one  of  the 
diNtinctive  characters  of  the  species.  The  caudal  ahield,  as  described 
by  Prof.  Hall,  has,  in  all,  nine  annulations;  of  which  in  this  specimen 
'  From  a  FhoU^rapb  by  Hendenoji,  reprodaced  bf  *  DnUutint.' 
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two,  as  well  as  the  smooth  extremity  of  the  shields,  have  been  broken 
oft.  The  impression  of  the  external  surface,  seen  on  the  matrix, 
shows  that  the  axis  of  the  thoracio  segments  was  marked  with 
scattered  tubercles.  The  cephalic  shield  and  pygidiom  appear  to 
have  been  minutely  granulate.  On  a  portion  of  the  latter  these 
granulations  have  a  s(»dy  form,  as  in  some  other  species  of  the  genus. 
The  ends  of  the  pleuras  are  broad  and  rounded.     (See  Fig.  2  a.) 

The  horizon  of  the  fossil  is  the  upper  part  of  the  Arisaig  series  of 
Nova  Scotia,  equivalent  to  the  Lower  Helderberg  of  New  York  and 
Pennsylvania,  and  to  the  Ludlow  of  England.  The  matrix  of  the 
specimen  contained  Chonetea  Nava-Scotiea,  Hall;  Megawbonia  can- 
eellata,  Hall ;  Amctda  Honeymani,  Hall ;  Beyriehia  pu$tmU>9a,  Hall ; 
and  other  fossils  characteristic  of  that  horizoli. 

Tliis  fine  species  is  evidently  a  close  ally  of  H.  KnighUi  of  the 
English  Ludlow,  though  it  difiers  considerably  in  details  of  structure. 
According  to  Mr.  Salter's  determination  of  some  specimens  from 
Arisaig  placed  in  his  hands  by  Dr.  Honeyman,  H.  Knightii  is  also 
found  at  that  place ;  ^  but  I  have  not  met  with  any  specimens  of  it 
The  representative  of  this  species  in  the  Lower  Helderberg  of  New 
York  is  ZT.  Vanuxemii  of  Hall.» 

Both  of  these  species  serve  to  illustrate  that  distinctness  of  the 
Atlantic  border  area  of  North  America  from  the  inland  plateau  of 
the  continent,  on  which  I  have  elsewhere  remarked.'  Both  in  the 
Upper  Silurian  and  Carboniferous,  the  rocks  and  fossils  of  Nova 
Scotia  can  be  more  easily  correlated  with  those  of  Great  Britain 
than  with  those  of  New  York  and  Pennsylvania.  So  much  did  this 
fact  strike  the  late  Mr.  Salter  that  he  even  thought  it  possible 
to  correlate  the  fossils  of  the  Arisaig  section  with  those  of  indi- 
vidual members  of  the  English  Upper  Silurian.* 


IV. — Is  TUERE  A  Bask  to  the  Carboniferous  Books  in  Tebsdale  ? 

A  Question  fob  Silurian  Geologists. 

By  J.  R.  Dakyns,  Esq. ; 
Of  H.  M.  Geological  Surrey  of  England  and  Wales. 

DURING  a  recent  excui-sion  into  Teesdale  I  paid  a  visit  to  certain 
Mica  trap-dykes  discovered  by  my  friend  Mr.  W.  Gunn,  and  to 
a  section  of  the  Carboniferous  beds  below  the  Whin  Sill  of  Falcon 
Glints,  near  Caldron  Snout,  which  suggested  the  question  whether 
there  is  not  a  base  to  the  Carboniferous  beds  in  that  part  of  Teesdale. 
ITio  section  below  the  Whin  Sill  has,  I  believe,  been  described  by 
Sedgwick.  Suffice  it  to  say  that  the  lowest  bed  there  exposed  at 
the  very  foot  of  the  crags,  just  above  the  alluvium  of  the  Tees,  is  a 
breccia  tliat  reminds  one,  who  knows  the  beds,  of  the  breccia  so 
often  found  at  the  base  of  the  Carboniferous  in  Yorkshire.  The 
next  section  seen  in  going  down  the  stream  is  at  the  old  Pencil  Mill, 
on  the  banks  of  the  Tees  below  Cronkley  Scar.  Here  the  beds, 
which  were   once  wrought  for  slate  pencils,  consist  of  hardened 

*  Honeyman,  Geol,  Journal,  vol.  xi.  *  PaloBontologr  of  New  York,  voL  iii. 

'  Acadian  Geology  and  Story  of  the  Earth.  ^  Iloneyman,  L  e. 


Bet.  T.  O.  Bannev—The  LherzoHte  of  the  Ariige.         69 

fihale,  apparently  at  a  high  dip,  whioh  the  Carboniferous  beds  of  the 
neighbourhood  are  not,  traversed  by  several  dykes  of  mica  trap. 
These  dykes  are  quite  unlike  anything  else  in  the  oountry;  but 
resemble  similar  dykes  in  the  Kendal  country,  where  they  are  never 
known  to  pierce  the  Carboniferous  beds,  but  are  exclusively  oonfined 
to  the  Silurian  rocks.  The  hardened  shale  traversed  by  these  dykes 
in  Teesdale  is  not  unlike  Skiddaw  slate,  which  also  was  once 
similarly  worked  for  slate  pencils  in  Westmoreland ;  but  I  cannot 
assert,  merely  after  a  short  visit  on  a  stormy  Sunday  afternoon 
in  November,  that  the  shale  is  not  hardened  Carboniferous  shale, 
hardened  by  the  dykes:  but  the  beds  are  as  much  like  Skiddaw 
slate  as  Carboniferous  shale,  perhaps  more  so ;  and  this  similarity, 
together  with  the  apparent  high  inclination,  and  the  Silurian 
character  of  the  dykes,  when  taken  along  with  the  breccia  at 
the  base  of  Falcon  Clints,  leads  one  to  ask  the  question  at  the 
head  of  this  notice. 

Y. — The  Lherzolite  of  AbiI^oe. 

By  the  Eev.  T.  G.  Bonnet,  M.A.,  F.G.S. ; 

Fellow  and  lato  Tutor  of  St.  John's  College,  Cambridge. 

THE  rock  Lherzolite  has  been  described  by  Prof.  Zirkel  in  his 
valuable  Beitrage  zur  Geologischen  Kentniss  der  Pyreniien 
(ZeiUckrift  der  Dettisch.  Oeol.  QeseL,  vol.  zix.  p.  68),  but  is  generally 
passed  over  with  the  briefest  mention  or  entirely  omitted  in  English 
works  on  Geology.  Even  in  Cotta's  "  Rocks  Classified  and  Described  " 
it  is  barely  noticed,  and  the  word  is  left  out  in  the  index.  On  this 
account,  and  seeing  that,  so  far  as  I  am  awso-e,  no  description  of  its 
microscopic  structure  has  yet  been  published,  a  notice,  embodying 
the  results  of  Prof.  Zirkel's  paper,  and  of  a  brief  visit  of  my  own  to 
this  not  very  accessible  locality,  may  be  useful  to  students. 

Lherzolite  is  a  crystalline  aggregate  of  the  minerals  olivine,  en- 
statite,  and  diopside,  with  some  picotite,  in  texture  varying  from 
finely  to  rather  coarsely  granular ;  that  from  the  locality  visited  by 
myself  being,  on  the  whole,  of  the  former  chju-acter.  It  obtains  its 
name  from  the  Etang  de  Lherz,  a  small  tarn  in  the  Eastern  Pyrenees 
(Dept  Ariege),  above  Aulus,  in  the  valley  of  the  Garbet,  38  kil. 
from  St.  Girons,  and  near  the  Col  d'  Erce  (or  Port  de  Lherz),  an 
easy  pass  (5341')  leading  to  Vicdessos  in  the  valley  of  the  Oriege. 
The  rock  entirely  surrounds  the  Etang,  and  is  the  largest  of  a  linear 
series  of  seven  exposures  in  the  vicinity  of  Vicdessos. 

The  Etang  de  Lherz  is  a  shallow  tarn  occupying  apparently  a  true 
rock-basin,  the  longer  axis  of  which  lies  roaglily  N.  and  S.  The 
water  escapes  from  the  northern  end  by  soaking  through  some  peaty 
ground.  On  the  western  side  is  a  tiny  island.  The  tarn  is  sur- 
rounded by  rounded  masses  (probably  once  ice-worn)  and  fallen 
blocks  of  the  Lherzolite,  which  also  rises  from  the  western  shore  in 
a  craggy  hill.  A  furlong  or  lees  from  the  eastern  shore  limestone 
shows  through  the  grass  and  stretches  away  in  that  direction,  forming 
the  general  mass  of  the  country.  The  tarn  is  not  in  the  line  of  the 
main  valley  of  the  Garbet,  but  in  a  sort  of  open  upland  gy^etn,  ^\\\.\i^ 
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above  the  bed  of  the  former.  On  the  opposite  side  of  this  rises  a  bare 
craggy  limestone  hill,  capping  the  Lherzolite  which  forms  its  base. 

The  Lherzolite  is  tough  and  difficult  to  break,  traversed  by  many 
minute,  rather  irregular,  divisional  planes,  with  oocasionally  a  slight 
tendency  to  a  platy  structure.  Hence  it  is  not  easy  to  obtain  good 
specimens.  The  surface  of  a  specimen  from  the  heart  of  the  rock 
is  rough,  rather  uneven  and  granular,  at  the  first  glance  tolerably 
uniform  in  colour  and  apparent  composition,  of  a  dark  greenish- 
grey  or  olive-green  colour.  A  closer  examination  shows  specks  of 
brighter  green,  generally  of  two  colours,  one  (the  more  invariable) 
an  emerald  green,  the  other  a  waxy-looking  duller  green;  also  specks 
of  a  resinous  pale-brown  mineral,  sometimes  with  a  platy  or  fibrous 
aspect  and  a  dullish  lustre  ranging  from  silvery  to  brassy.  Minute 
grains  of  an  irregularly  disseminated  black  mineral,  with  a  vitreous 
lustre,  are  also  just  visible;  and  there  is  another  of  transparent  glossy 
aspect.  The  last  is  only  broken  olivine,  to  which  the  predominant 
dull-coloured  mineral  belongs ;  the  emerald  green  is  the  diopside ; 
the  resinous  mineral  enstatite;  and  the  black  is  picotite.  The  duller 
green  tint  is  serpentine.  The  separate  minends  are  more  easily 
detected  in  a  coarser  specimen,  which  I  purchased  from  Pisani  in 
Paris  in  1875,  who  obtained  it  from  Som,  the  easternmost  locality 
along  this  line  of  outbursts  in  the  Department  of  Ariege. 

The  rock  at  the  Etang  de  Lherz  varies  a  little  in  texture,  some, 
especially,  as  it  appeared  to  me,  that  towards  the  outside,  being  more 
compact  than  the  rest.  When  the  rock  is  slightly  decomposed  the 
dull  green  tint  becomes  more  marked,  and  the  compact  varieties 
begin  to  resemble  serpentine.  The  exterior  weathers  from  a  bright 
yellowish  to  a  dark  rusty-brown  tint,  with  a  rough  surface.  On  this 
the  projecting  pale  amber-yellow  grains  of  enstatite,  and  the  bright 
green  gniins  of  diopside,  with  the  black  picotite,  may  be  readily 
distinguished.  Occasionally  also  a  sort  of  linear  structure  is  developed 
on  the  surface  in  weathering ;  such  as  I  have  observed  in  some  of 
the  Lizard  8eq)ontine ;  like  this,  it  has  some  connexion  with  an 
internal  parallelism,  but  the  exact  nature  of  it  is  not  yet  quite  clear 
to  mo,  though  I  think  it  will  prove  to  be  connected  with  a  fluidal 
structure.  The  brown  weathered  surface  generally  extends  inwards 
for  about  •!  to  '2  inch ;  and  the  change  from  it  to  the  green  rock  is 
pretty  sudden,  a  thin  pale  band  usually  intervening,  in  which  the 
enstatite,  diopside  and  picotite  are  well  distinguished.  The  rock  is 
traversed  by  numerous  irregular  joints,  breaking  it  up  into  rude 
polygonal  blocks ;  but  now  and  then  the  outside  of  an  old  weathered 
surface  shows  a  more  regular  prismatic  structure ;  occasionally  also 
there  is  a  slight  parallelism  in  its  fissures.  The  more  minute  joints 
are  lined  with  a  thin  film  of  limonite  or  of  a  serpentinous  mineral, 
apparently  a  green  steatite, — often  in  the  latter  case  so  thin  as  to  be 
a  more  glaze.  Slickensides  are  not  rare  on  the  joint  faces.  The 
general  aspect  of  the  weathered  rock,  the  peculiar  roughened  surface 
with  its  irregular  fissures,  the  jointings  and  contours  of  the  fallen 
blocks,  in  shape  like  masses  of  broken  curd,  strongly  reminded  me 
of  the  Lizard  serpentine  in  Cornwall,  with  which  I  am  very  familiar. 
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Time  did  not  allow  me  to  cross  the  valley  and  examine  the 
jonction  with  the  limestone  on  the  opposite  side,  where  it  was  well 
exposed  for  a  considerable  distance  at  the  base  of  a  sort  of  cliff;  bat 
as  far  as  I  could  see  it  was  rather  wavy  and  uneven,  as  if  the  Lherzo- 
lite were  intrusive.  I  followed  the  junction  on  the  east  side  of  the 
pool  for  a  considerable  distance.  Unfortunately  the  abundant  herbage, 
the  number  of  scattered  boulders,  and  the  peculiar  weathering  of 
the  limestone,  which  forms  deep  fissures  (like  the  karrenfelder  of  the 
Alps),  harbouring  a  rich  vegetation,  prevented  me  from  obtaining  a 
single  actual  contact :  but  as  the  Lherzolite  clearly  appears  here  and 
there  to  protrude  in  broad  tongues  into  the  limestone,  and  this  is 
highly  crystalline  (being  quite  white  and  saccharoidal)  near  the 
junction,  I  have  little  doubt  the  rock  is  intrusive.  That  it  is  an 
igneous  rock  I  think  no  one  who  has  examined  it  will  dispute. 
'Diere  are,  however,  I  think,  no  proofs  of  eruption,  though  a  breccia 
of  angular  fragments  of  Lherzolite  and  limestone  might  seem  at  first 
sight  to  be  a  volcanic  agglomerate,  and  so  even  favour  the  idea  of 
contemporaneous  volcanic  action.  According  to  Prof.  Zirkel  this 
breccia  occurs  here  (and  here  only)  between  the  Lherzolite  and  the 
limestone.  I  did  not,  however,  observe  it  at  this  part  of  the  junc- 
tion, but  found  a  dyke-like  mass  of  brecciated  Lherzolite  on  the 
opposite  side  of  the  Etang.  The  ntmierous  fallen  blocks  made 
it  difficult  to  examine  this  in  aittl,  but  it  appeared  to  be  about  three 
or  four  yards  wide,  and  to  cut  across  the  Lherzolite  roughly  from 
E.  to  W.  As  far  as  I  observed,  however,  this  rock  was  com- 
posed only  of  Lherzolite,  and  I  fully  believe  it  only  to  be  a 
friction  breccia,  and  not  at  all  of  the  nature  of  a  volcanic  agglome- 
rate. Tlie  other  masses  of  breccia  which  I  examined  were  on  the 
grassy  hill-side  nearer  to  the  Col  d*  Erce,  not  far  from  where 
there  is  another  small  patch  of  Lherzolite  on  Prof.  Zirkel's 
sketch-map.  These,  however,  appeared  to  me  to  be  in  every  case 
erratics,  and  I  could  not  see  the  rock  in  aitu  on  the  hill  above. 
My  time,  however,  was  too  limited  to  allow  of  a  long  search.  These 
blocks  varied  from  a  breccia  of  angular  and  subangular  fragments  of 
Lherzolite,  frequently  more  than  three  inches  in  diameter,  imbedded 
ia  a  ferruginous  paste  which  often  appears  to  consist  mainly  of 
minute  fragments  of  Lherzolite,  to  an  extremely  pretty  rock  chiefly 
composed  of  fragments  of  white  marble,  often  from  a  half  to  one 
mch  diameter,  imbedded  in  a  speckly  yellowish  or  greenish  grey 
matrix,  with  a  slight  ruddy  tinge.  In  the  time  at  my  disposal  I 
collected  four  varieties  of  the  breccia,  forming  a  fairly  complete 
series.  The  first  is  exclusively  made  up  of  Lherzolite,  and  so 
thoroughly  compacted  that  (as  in  many  ancient  breccias)  it  is 
often  not  easy  to  distinguish  the  fragments,  except  on  a  weathered 
surface.  The  second  consists  mainly  of  Lherzolite  fragments  with 
a  very  few  small  pieces  of  marble,  but  here  and  there  there  is  an 
appreciable  proportion  of  minute  calcareous  fragments  in  the  matrix. 
In  the  third,  the  marble  predominates,  but  the  paste  contains  a  large 
quantity  of  comminuted  Lherzolite ;  and  in  the  fourth  fragments  of 
marble  abound,  but  those  of  Lherzolite  are  rare,  tho\ig\i  l\iA&  xoOfi. 
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is  represented  to  some  extent,  as  in  the  last,  in  the  paste.  In  this 
(in  the  last  two  cases)  one  can  readily  distinguish  bright  green 
fragments  of  diopside  and  rather  numerous  black  grains  of  picotite, 
apparently  imbedded  separately. 

This  mass  of  Lherzolite  is  tiie  largest  of  the  seven  exposures  in 
the  district,  and  according  to  Prof.  Zirkel  is  about  1300  yards  in 
greatest  length.  Three  other  masses  lie  near  it  along  the  line  of 
the  little  glen  of  the  Sue.  The  rest  are  near  its  junction  with  the 
Oriege,  one  being  on  the  opposite  bank  near  the  village  of  Sem. 
All  are  in  the  Liassic  rocks,  and,  except  the  last,  are  very  near  their 
junction  with  the  granite,  which  even  here  is  at  no  great  distance. 
It  is  also  more  coarsely  granular  than  the  rock  at  the  Etang,  and  the 
breccia  is  wanting.  Lherzolite  also  occurs  near  Portet  d'Aspet,  in 
the  upper  Yal  longue  (Castillon),  and  on  the  south  side  of  the  Col  de 
Lurde,  in  the  neighbourhood  of  Eaux  Bonnes.  The  principal  rock 
here  is  a  limestone  with  ophite,  t.6.  greenstone,  near  it.  I  have  not 
seen  any  of  these. 

The  rather  compact  condition  of  the  rock,  and  the  fact  that  the 
olivine  is  in  some  specimens  rather  green,  and  the  diopside  a  little  dull 
in  colour,  while  the  enstatite  does  not  always  exhibit  its  characteristio 
structure,  makes  it  often  very  hard  to  distinguish  the  component 
minerals  of  the  specimens  from  the  Etang  de  Lherz.  They  are  better 
seen,  however,  on  a  polished  surface,  and  can  be  separated,  as 
Zirkel  suggests,  by  treating  the  pounded  rock,  first  with  hydro- 
cliloric  acid,  and  then  boiling  it  with  caustic  potass.  In  my 
Pisani  specimen  from  Sem,  the  minerals  are  much  more  easily  dis- 
tinguished, as  is  the  case  also,  according  to  Zirkel,  in  his  specimens  from 
this  locality.  The  composition  of  the  Pyrenean  Lherzolite  is  according 
to  an  old  analysis  (Zirkel,  p.  140) :— SiO,=45-0,  A1A=1'0,  CaO= 
190,  MgO=160,  FeO=120,  CrO=0-5,  with  a  trace  of  MnO 
and  loss=:(r0.  Lasaulx  gives  the  analysis  of  a  Lherzolite  from 
Norway  (Elem.  dor  Petrograph.  p.  838) :— Si08=37-42,  A1,0,= 
0-10,  MgO=:48-22,  FeO=8-88,  MnO=017,  NiO=0-23,  HA=*71. 

The  rock  varies  slightly  in  different  parts  around  the  Etang, 
both  in  grain  and  in  preservation.  I  collected  specimens  chiefly 
from  near  the  southern  end,  and  about  half-way  down  the  west 
side ;  the  most  serpentinous  specimens  coming  from  the  former. 
Mr.  S.  Allport,  to  whom  I  gave  a  duplicate  from  Sem,  kindly  cut 
me  a  beautiful  slide  from  it,  and  I  have  had  slides  (six  in  all) 
cut  from  three  varieties  collected  by  myself  at  the  Etang.  I  will 
refer  to  them  as  No.  I.  (from  Sem  [Pisani]),  No.  II.  (specimen  from 
the  west  side),  No.  III.  (specimen  from  the  south  end),  No.  IV. 
(specimen  showing  a  partial  passage  into  serpentine).  Tliis  speci- 
men was  cut  close  to  a  joint  face  where  the  change  was  greatest 

Microscopic  Structure, — In  all  cases  the  rock  is  normally  com- 
posed of  olivine,,  enstatite,  diopside,  and  picotite,  with  occasional 
minute  specks  and  microlithic  aggregates  of  an  opaque  bl^ck  mineral, 
probably  magnetite.  Microliths  of  other  minerals  are  rare.  Tlie 
first  three  minerals  all  occur  in  variable   8hai)ed  grains;   those  of 

e  olivine  roundish;    the  diopside  occasionally  diowing  a  slight 
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oach  to  a  regular  crystal  outline ;  the  enstatite  usually  irregular 
longish ;  the  olivine  appears  to  have  crystallized  the  first,  but 
ink  the  difference  has  not  been  great  It  generally  forms  about 
the  whole  mass  of  the  rock.  The  piootite,  from  its  shape,  seema 
ive  crystallized  last. 

he  olivine  occurs  in  more  or  less  rounded,  transparent,  colourless 
18,  very  irregular  in  size.  Surface  finely  granular,  something 
frosted  glass.  Colours  with  crossed  Nicols  often  very  beautiful, 
monest  from  a  translucent  greenish  yellow  to  a  yellowish  green, 
from  a  bright  to  a  purplish  pink.  Owing  to  the  peculiar  texture, 
of  these  tints  often  overspreads  the  other  something  like  a  shot 
The  mineral  shows  the  usual  rather  irregular  cracks,  indi- 
ig  its  imperfect  cleavage.  These  often  cause,  by  imperfect 
tsion,  colour  bands,  which  are  also  common  near  the  edges  of 
grains.  Not  seldom  we  find  in  the  olivine  small  vermicular 
ties  arranged  in  slightly  wavy  bands.  These  appear  to  be 
etimes  empty,  sometimes  filled  with  a  brownish  mineral,  perhaps 
peroxide.  They  lie  in  some  cases  in  the  planes  of  imperfect 
•sion,  and  then  have  often  a  dendritic  character.  There  are 
sional  dota  of  an  opaque  dust-like  mineral,  probably  magnetite, 
thin  fibrous  brown  films,  strongly  dichroio,  which  may  either  be 
9  stains  or  minute  plates  of  iron-glance.  The  last  are  often 
ciated  with  the  piootite. 
he  enstatite  is  transparent,  colourless  in  ordinary  light,  with  a  finely 

lular  or  slightly  silky  texture.  Tlie  cleavage  parallel  to  ooPco 
enerally  well  exhibited,  though  not  so  close  as  a  rule   as   in 

lage ;  a  more  interrupted  cleavage  parallel  to  ooP  is  also  some- 
iS  fairly  distinct,  as  in  Rosenbusch,  Mikroscop.  Physiogr.  Tab. 

44.  In  cases  where  the  specimens  have  a  less  characteristic 
<^,  I  have  found  the  principal  cleavage  planes  better  exhibited 
otating  the  microscope  stage  till  the  plane  of  the  principal  cleavage 
»arly  parallel  to  the  plane  of  vibration  of  one  of  the  crossed  Nicols, 
n,  as  the  crystal  approaches  its  darkest  aspect,  the  fine  cleavage 
)mes  more  clearly  visible.  This  method  (proposed  by  Tschermak) 
listinguishiug  the  orthorhombic  enstatite  from  the  monoclinic 
lage  will  be  found  very  useful  in  examining  Lherzolite.  The 
tals  show  sometimes  wavy  bands  crossing  roughly  at  right 
les  the  lines  of  the  principal  cleavage,  formed  apparently  by 
ute  elongated  cavities  and  microliths.  Colours  with  polarized 
t  pale  yellowish  or  greyish  to  various  blues. 
lie  dtopstde  is  not  generally  in  well-formed  crystals;  it  is  pellucid 
he  thin  slices,  and  sometimes  still  retains  a  faint  tingo  of  green, 
h  polarized  light,  the  colours  are  less  diaphanous  in  aspect  than 
;e  of  the  olivine,  rich  yellowish-brown  and  puce  tints  being 
mon.  The  surface  is  rather  variable,  but  generally  moderately 
^h-looking,  with  often  a  slightly  "  stepped "  aspect.  The 
iTicteristic  cleavage,  as  in  augite,  is  commonly  well  developed. 
Tie  picotite  occurs  in  very  irregular  grains  or  groups  of  grains,  or 
1  films,  often  looking  as  if  a  point  armed  with  a  aUek'^  ^\\\^ 

been  Arawn  for  a  short  distance  along  the  slice.     Sutt'vwiQ  xw^iXiOt 
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rough-looking,  something  like  that  of  aagite.  Colour  a  translnoent 
rather  deep  olive  green,  occasionally  slightly  inclining  to  brown, 
iu  No.  lY.  a  rich  umber  brown.  Bosenbusch  (Mikrosoop.  Physiog. 
p.  1 60)  gives  the  colours  of  picotite  as  yellow  to  brown,  transparent 
to  opaque;  stating  that  Pleonaste  differs  from  it  in  having  green 
tints.  If  this  distinction  be  correct,  the  mineral  in  slides  L,  IL,  III. 
must  be  Pleonaste.  The  grains  are  traversed  by  rather  irregular 
cracks,  which  occasionally  indicate  a  rude  cleavage.  IV.  is  less 
rich  in  picotite  than  the  rest  As  the  mineral  is  isometrio,  it  is  of 
course  dark  between  crossed  prisms. 

Of  the  various  slides.  No.  I.  is  the  best  for  study  of  the  rock,  as 
it  is  more  coarsely  crystalline,  and  shows  little  or  no  indication 
of  decomposition.  No.  U.  shows  the  grains  of  the  minerals  a  little 
more  rounded  than  No.  I.,  and  all  are  much  cracked.  The  olivine 
appears  to  bear  a  rather  smaller  proportion  to  the  other  minerals 
than  iu  I.,  and  the  diopside  shows  a  rather  smoother  texture. 
The  cracks  in  the  olivine  are  often  bordered  on  both  sides  by 
a  finely  fibrous  serpentine,  the  result  of  decomposition.  It  remains 
bright,  generally  of  a  pale  golden  hue,  between  crossed  prisms. 
No.  III.  is  in  structure  similar  to  II.,  but  with  more  olivine ;  here 
decomposition  has  advanced  further,  giving  parts  of  the  slide  a 
muddy  look,  probably  due  to  faint  stains  of  peroxide  of  iron ;  the 
serpentine  strings  are  often  abundant  enough  to  form  a  kind  of  net- 
work in  the  olivine,  and  one  considerable  crack  across  the  slide 
is  filled  by  a  feebly  double  refracting  serpentinous  mineral.  There  is 
a  sort  of  parallel  structure  perceptible  in  the  direction  of  the 
principal  cracks,  marking  a  parallelism  in  the  axes  of  the  crystals, 
and  the  same  is  to  a  slight  extent  perceptible  in  the  arrangement 
of  the  minerals. 

No.  IV.  gives  indications  of  a  structure  similar  to  IIL,  but  the 
change  hero  is  much  more  considerable.  A.  network  of  serpen- 
tinous strings  covers  almost  the  whole  slide,  in  many  cases  invading 
the  other  minerals;  the  cracks  of  which  are  usually  free  from 
serpentine  in  II.  and  IIL  In  parts  the  strings  seem  to  coalesce,  so 
as  to  convert  appreciable  portions  of  the  slide  into  serpentine. 
Here  it  is  interesting  to  note  that  clots  of  opaque  dust,  doubtless 
oxi<les  of  iron,  resulting  from  the  separation  of  the  constituents  of 
the  olivine,  apj)ear  among  the  strings  just  as  we  see  them,  for 
example,  in  the  Lizard  scrj)entines. 

These  slides  therefore  exhibit  to  us,  and  this  is  the  most  interest- 
ing aspect  of  the  rock,  tlie  commencement  of  the  formation  of 
sei']:)enlino.  In  certain  serpentines — as,  for  example,  those  of  Elba, 
and,  as  I  have  recently  discovered,  of  the  Lizard — and  in  some  of 
the  olivine  bearing  gabbros,  we  can  trace  the  process  from  specimens 
from  which  all  tlie  olivine  has  disappeared,  and  the  alteration  into 
serpentine  is  complete,  to  those  in  which  a  considerable  amount  of 
unchangtjd  olivine  is  still  to  be  detected.  We  have  thus  a  further 
confirmation  of  the  idea,  now  becoming  not  unfamiliar  to  geologists, 
that  much  serpentine  is  an  altered  olivine  rock. 
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YI. — CONSIDBBATIONS  ON  THE  FLOTATION  OF  lOEBKBGS. 

By  Professor  John  Milne,  F.G.S., 
Of  the  Imperial  College  of  Engineering,  Jeddo,  Japan. 

all  oar  text-books  of  G^logy,  the  aotion  of  floating  loe  is 
referred  to  as  an  agent  of  great  power  in  producing  pliysical 
iges.  Its  two  chief  forms  are  those  of  Coast  Ice  and  Icebergs. 
:h  has  been  written  about  the  latter  of  these,  but  about  the 
[ler  very  little.  In  the  Geologioal  Magazine,  July,  187G,  in  an 
3le  on  Ice  and  Ice- work  in  Newfoundland,  I  endeavoured  to  show 
:  the  greater  agent  of  the  two  was  Coast  Ice,  a  view  which  has 
1  subsequently  strengthened  by  observations  on  the  Coast  of 
land.  In  this  paper  I  had  occasion  to  refer  to  the  laxity  with 
ch  the  conditions  under  which  Icebergs  float  have  been  spokea 
ut.  Thus,  in  Jukes  and  G^ikie's  Text- Book  of  Geology,  p.  416, 
are  told  that  because  *'  about  eight  times  more  ice  of  an  iceberg 
elow  water  than  above,"  therefore  "  a  mass  which  rises  300  feet 
ve  the  waves  has  its  bottom  2400  below  them." 
ls  no  regard  is  paid  to  what  the  relative  shape  of  ice  above  water 
J  that  below,  might  it  not  be  well  to  add,  in  order  to  render  the 
mlessness  of  the  doctrine  more  evident,  that  the  mere  fact  of 
iting  a  Union  Jack  upon  the  summit  of  the  berg  would  cause  an 
ition  to  its  depth  equ^  to  eight  times  the  height  of  the  pole  ? 
f  this  were  only  done,  Icebergs  might  be  talked  about  as  grounding 
rery  deep  water,  where  they  could  "  tear  up  the  softer  deposits  of 

sea-bed,"  and  "  rub  down  and  groove  the  harder  rocks  "  to  an 
imited  extent  Tliis  grounding  in  deep  water  I  endeavoured  to 
w  to  be,  in  the  generality  of  cases,  untenable,  excepting,  perhaps, 
he  case  of  bergs  immediately  in  the  vicinity  of  their  origin,  where 
y  more  or  less  approximate  to  parallelepipeds  in  their  form.  In 
ig  this,  I  also  showed  that  in  consequence  of  the  degrading  action 
Ich  takes  place,  more  especially  between  wind  and  water,  it  would 
n  that  bergs  as  they  travel  towards  low  latitudes  must  be  looked 
n  as  a  form  more  like  a  peak  which  stands  upon  a  sunken 
estal  or  foot,  rather  than  as  descending  perpendicularly  into  the 
er.  In  such  a  case  it  is  evident  that  no  great  depth  could  be 
lined. 

lowever,  to  take  as  favourable  a  view  as  possible  of  ice  reaching 
rn  to  abyssal  depths,  I  will  again  assume  a  case  which  I  took 
)re  (Geological  Magazine,  July,  187(5,  p.  307),  where  we  must 
gine  the  portion  of  the  berg  beneath  the  water  to  be  a  general 
tinuation  of  that  above. 

uch  a  figure  I  showed  might  be  regarded  as  approximately  equal 
i  cone  or  many-sided  pyramid.  In  such  a  case  I  have  shown 
hematically  that  the  depth  of  ice  below  water  is  approximately 
il  to  the  height  which  is  exposed  above,  the  slight  difference  which 
r  exist  depending  on  the  ratio  we  take  as  existing  between  the 
»ific  gravity  of  ice  and  sea-water, — a  conclusion  from  which  I 
lot  see  the  slightest  reason  to  alter, 
'his  being  the  case,  it  coDsequently  follows  that  \l  il  \ft  acice^\/^^ 
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that  bergs  exist  at  all  approximating  to  that  of  a  pinnade  standing 
upon  a  base,  the  depth  to  which  they  may  extend  he!ow  iAe  ewrface  of 
the  water  is  Ubb  than  the  height  we  see  above,  and  therefore  in  manv 
cases,  'when  we  see  a  berg  300  feet  above  the  water,  we  may  with 
much  reason  assume  that  its  depth  beneath  the  sur&ce  of  the  water 
is  less  than  300  feet. 

The  case  which  I  have  considered  is  one  which  appears  to  be 
applicable  to  many  icebergs,  and,  I  think,  to  the  generoaity  of  them. 

It  now  remains  to  see  how  far  such  views  may  be  oarried,  and 
also,  for  the  sake  of  illustration,  to  consider  the  possible  conditions 
under  which  some  other  forms  of  ice  may  be  regarded  as  existing. 

In  the  paper  where  the  conclusion  just  referred  to  was  arrived 
at,  a  cone  approximating  to  a  berg  of  ice  was  drawn  as  floating  with 
its  base  downwards.  The  Rev.  O.  Fisher  (Osol.  Mao.,  1876,  p.  379) 
has,  however,  raised  the  question  of  the  stable  equilibrium  of  such 
a  cone,  which  he  thinks  would  not  remain  in  the  position  as  figured, 
but  must  turn  over.  "Whether  this  would  or  would  not  be  the  case 
with  the  coue  in  question,  I  am  not  prepared  to  answer.  The  figure 
is  only  drawn  to  illustrate  the  calculation  to  which  it  is  appended. 
As  a  practical  illustration,  to  strengthen  these  views  and  to  show  that 
the  cone  of  ice  which  I  have  taken  will  not  float  with  its  base 
downwards,  Mr.  Fisher  takes  a  tetrahedron  out  of  a  set  of  models 
of  crystals,  and  placing  it  in  water  finds  that  it  floats  with  one  of  its 
angles  downwards. 

This  I  consider  to  be  an  unfair  comparison,  which  no  doubt  has 
led  many  casuaJ  readers  to  the  belief  that  a  cone  will  also  float  with 
its  apex  downwards,  and  perhaps,  in  consequence,  that  my  con- 
clusions, being  founded  on  false  assumption,  must  also  of  necessity 
be  false.  Lest  readers  should  be  led  into  misconceptions  of  this 
sort,  it  may  be  well  to  consider  how  cones  of  ice  would  float. 

First,  if  we  take  a  slab  of  ice  and  place  it  upon  water,  we  know 
that  it  will  float  horizontally.  On  the  middle  of  this  slab  we  might 
raise  a  small  pinnacle  of  ice,  and  the  mass  would  still  keep  horizontal. 
We  might  next  increase  this  pinnacle  round  its  sides  without  increas- 
ing^ its  height  imtil  we  reached  the  edges  of  our  slab,  and  still  we 
may  imagine  the  block  we  have  built  up  keeping  its  horizontal 
position.  We  should  here  have  a  figure  approximating  to  the 
probable  shape  of  an  iceberg  which  has  travelled  into  latitudes  like 
those  of  Newfoundland, — a  pinnacle  supported  on  a  foot  or  pedestal. 
Such  a  form  api)roximate8  to  a  cone,  and  such  a  cone  I  believe  would 
float,  and  does  float  with  its  base  downwards,  or  in  other  words, 
from  a  consideration  of  this  sort,  it  is  evident  to  us  that  there  are 
certain  obtuse  cones  which  would  float  with  their  apex  upwards. 
Secondly,  on  the  other  hand,  if  I  make  a  very  acute  or  tall  cone,  it 
would  never  for  a  moment  be  expected  to  float  vertically  with  its 
base  downwards  more  than  a  tall  stick  of  ice  would  be  expected  to 
retain  such  a  position.  Such  a  cone  would,  according  to  ordinary 
expectation  and  according  to  all  probability,  fall  on  its  side  and  float 
more  or  less  horizontally.  It  is  also  equally  certain  that  such  a 
cone  would  not  float  with  its  apex  downwards,  as  Mr.  Fisher's  ex- 
periment  might  lead  one  to  think. 
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Being  thus  oonyinoedy  from  oar  own  sense  of  reason,  that  there 
are  cones  of  ioe  which  can  float  with  their  base  downwards,  and 
ilso  that  there  are  others  whioh  can  float  with  their  base  upwards, 
the  question  then  is  to  define  these  cones. 

1.  Adopting  from  Thomson  and  Tait,  Natural  Philosophy,  §  767, 
tbat  where  Y  is  the  Tolume  of  a  body  immersed  in  a  fluid,  A  the 
irea  of  its  plane  of  flotation,  h  the  radius  of  gyration  of  that  plane, 
ind  h  the  height  or  distance  between  the  centre  of  gravity  of  the 
loating  body  and  that  of  the  displaced  fluid,  for  stable  equilibrium 
Rre  must  have 

(^e  shall  find  for  a  cone  of  ice  to  float  with  its  vertex  downwards 
n  sea-water,  the  radius  of  the  base  of  the  cone  must  be  greater  than 
196  times  its  height,— or,  roughly,  the  diameter  of  the  base  cannot  be 
Vm  than  two-fifths  of  the  height. 

2.  Again  adopting  the  same  method  for  a  cone  of  ice  floating  in  sea- 
nrater  with  its  base  downwards  and  horizontal,  we  shall  find  that  the 
ndius  of  the  cone  must  be  greater  than  1*05  times  its  height, — 
)r  roughly  the  diameter  of  the  base  cannot  be  less  than  twice  the  height. 

XoiE. — Case  I.^  Moment  of  Inertia  of  a  circular  lamina  about  a 
iiameter—  ^,  but  this  —Ait" 

jotrhe  the  radius  of  the  base  of  the  cone  and  a  its  height.  Also  let 
he  density  of  the  floating  cone  compared  with  the  liquid  be  p,  then — 

AC:BC-=l:p*  jL 

/.radius  of  plane  of  flotation  is  rp^ 

/.  radius  of  gyration  i  =  ^  ( 1 ) 

'he  Area  of  the  plane  of  flotation  . 

A=7rr»p^  (2) 

Let  6  be  the  centre  of  Gravity  of  the  Cone  and  E  that  of  the  dis- 
Laced  water, 

GC=-/  and  EC=|  a  />* 

.•.GEorA=^(l— p*)  (3) 

the  immersed  volume = the  volume  of  the  Ice  Cone  multiplied  by 

poT-j-p  (4) 

ow  substituting  in  AJ^>  Yh 


^^r  •  -/->  -3-P'4r(^— r) 

or  r  >  aV -i- — i 

P^ 
»  See  TToodcut,  Fig.  1,  p.  69. 
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Now  if  the  ^edfic  grayity  of  ice  » 1'028  and  that  of  eea-water  -918, 
then  p  for  sea-water  and  ice^  *893 

whence  r>a  *196 

Oasb  II.^ — As  in  Case  I.  let  r»the  radins  of  the  base  of  the  cone, 
a— the  height  of  the  cone,  and  p  as  before. 

Volume  of  Cone  ACM:vol.    of  BCN::1:1— p    /.   AC:BC- 

1  :  V^i— p  1 

/.  radius  of  plane  of  flotation«=r  (1— p)  and  h  the  radios  of 
gyration  of  plane  of  flotation = -g  (1—p)^  (I) 

Area  A  of  plane  of  flotation =7rr*(l—p)*  (2) 

1        a 
The  distance  between  G  and  E  which  are  as  before,  or  A  —  (-——1)** 

a  (l-V^l-/>)  ^^  (3) 

V  the  volume  of  displaced  water*  -y- '^  '^ 

Now  substituting  in  A^'>yA 

'rr'(l-p)*x(l-P)*>^'^r|--  (y-O*  ^  (1-^1-/') 

orr>aVm-^— 1 

or  r>a  1*05 

Approximations  to  these  two  limiting  cones  are  represented  in 
the  woodcuts  given  on  page  69.  Fig.  1  represents  a  cone  of  ice 
floating  with  its  apex  downward,  which  is  unstable,  and  in  sea- 
water  might  fall  on  its  side,  whilst  one  less  acute  might  float  in  this 
position.  Any  cone,  when  thus  floating,  has  about  -jV  of  its  whole 
depth  above  water.  If  such  cones  existed  in  nature,  it  is  evident 
that  they  must  be  much  more  obtuse  in  form  in  order  to  withstand 
ill  such  a  position  the  shocks  of  waves  and  winds  to  which  they 
would  be  subjected. 

Fig.  2  represents  a  cone  of  ice  floating  with  its  apex  upwards, 
and  its  base  horizontal.  Any  cone  which  is  more  obtuse  than  this, 
when  floating  in  sea-water,  is  stable.  In  this  case  "47,  or,  as  before 
stated,  nearly  one-half  of  the  height  of  the  cone,  is  above  water. 

To  test  these  results  I  had  several  small  cones  made  out  of 
Japanese  boxwood  (S.G.  about  '839),  which  was  \hQ  most  suitable 
wood  for  the  purpose  which  I  could  obtain.  The  diameter  of  the  base 
of  these  cones  was  in  all  cases  2  in.,  whilst  their  height,  which  was 
variable,  was  made  above  and  below  the  limits  as  given  by  calcula- 
tion where  the  specific  gravity  of  the  wood  I  was  using  took  the 
place  of  the  specific  gravity  of  ice.  These  cones,  when  placed 
in  water,  behaved  in  a  manner  similar  to  the  way  I  have  stated  that 
cones  of  ice  will  act. 

^  See  Woodcut,  Fig.  2,  on  opposite  page  (p.  69). 
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We  have  here thesolution  to  t^^  theoretical  cases  of  supposed  bodies 
of  ice  floating  in  sea- 
water,   which  I    think 
will  considerably  aid  us 
in  forming  some  idea  as 
to  ihe  depth  to  which 
icebergs  extend  beneath 
the  sorface  of  the  water, 
— the  practical  solution 
of  which  problem  is  sur- 
rounded  with  so  much 
difficulty.     The  results 
are  obtained  from  two 
r^nlar  solids,  but  yet  it 
is  evident  that  they  can 
be  roughly  applied  to  any 
solids  which  approxim- 
ate to  such  forms.    Now 
from  Case  L, where  cones 
floatingapex  downwards 
are    considered,    it    is 
evidently    possible    for 
floating  ice  to  have  a 
depth  below  the  surface 
of  the  water  in  com- 
parison to  that  which  is 
above  immensely  greater  than  has  generally  been  believed.     But 
the  question  now  is,  have  forms  approximating  to  such  inverted 
cones  any  existence  in  nature  ?     All  that  I  can  say  to  the  contrary 
is  by  appealing  to  the  results  of  observation  and  to  the  consequences 
of  d^radation  upon  a  block  of  ice  after  leaving   its  parent  tbo 
glacier, — both   of  which,  as  pointed  out  before  (Geol.  Mag.  1876, 
p.  306),  appear  unfavourable  to  such  views. 
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I  might  also  add,  as  another  argument  against  the  probability  of 
ice  extending  to  abyssal  depths,  that  pressure  tends  to  liquefy  ice, 
or,  in  other  words,  to  lower  the  freezing-point  of  water,  and  ice 
at  great  depths  is  under  greai  pressure.     For  example,  ico  a\.  V\i<^ 
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ilopth  of  2400  feet  would  be  under  a  pressure  of  slxrat  73  atmo- 
Hphoros.  Although  this  lowering  of  temperature,  which  can  be 
ouHJly  calculated,  is  very  small,  it  must  nevertheless  have  some 
iulluouoo  in  the  destruction  of  masses  of  ice  should  they  extend  to 
ciinsidorable  depths,  more  especially  so  when  we  consider  that  the 
uitiou  is  not  merely  a  surface  one,  but  one  that  extends  throughoat 
the  mass. 

Tho  more  probable  form  in  which  the  generalily  of  icebergB 
exist  are  those  which  have  their  limit  represented  by  Case  II, 
whoro  we  have  a  series  of  stable  forms,  more  or  less  conical  in  thdr 
sliape.  Here  the  depth  below  the  surface  of  the  water  never 
exceeds  the  height  which  is  above,  but  is  probably  always  less. 

Of  course  many  other  forms  of  ice  also  approximating  to  regular 
solids  might  be  supposed,  in  which  the  ratio  of  the  depth  of  ioe 
bolow  water  to  that  which  is  above  would  be  greater  than  that 
of  tho  inverted  cone,  and  which  would  be  less  than  that  of  the 
upright  cone.  Thus,  for  instance,  such  a  solid  as  would  be  described 
by  an  equilateral  hyperbola,  revolving  round  one  of  its  asymptotes, 
might  be  taken  as  pointing,  downwards  or  upwards.  In  the  former 
case  the  ratio  of  the  depth  below  the  surface  of  the  water  to  the 
height  which  is  above  might  be  infinitely  greater  than  in  the  case  of 
tho  inverted  cone  of  ice,  and  in  the  latter  case  or  pointing  upwards 
tlie  ratio  of  the  depth  below  the  surface  of  the  water  to  the  height 
which  is  above  infinitely  less  than  in  the  case  of  the  upright  cone. 

To  obtain  the  greatest  height  of  ice  above  the  surface  of  the 
^vater  relatively  to  that  which  is  below  we  must  imagine  a  sheet  of 
ice,  from  the  upper  surface  of  which  a  needle  or  pencil  extends 
vertically  upwards.  The  same  figure  reversed  would  give  us  the 
greatest  depth  to  which  ice  could  descend  below  the  surface  of  the 
water.  Such  a  case  is  however  purely  theoretical.  In  cubes  which 
are  in  stable  equilibrium  with  a  face  upwards,  and  in  parallelepipeds 
which  are  in  stable  equilibrium  with  one  of  their  largest  faces 
upwards,  the  depth  of  ice  below  the  surface  of  the  water  would  he 
about  eight  times  the  height  which  is  exposed  above. 
*  Combinations  of  regular  solids  might  also  be  considered.  Thus 
two  cones  might  be  supposed  placed  base  to  base,  and  floating  one 
with  its  apex  upwards  and  the  other  with  its  apex  downwards. 

First — let  the  volume  of  the  lower  cone  V,  whose  height  is  H,  be 
eight  times  the  volume  of  the  small  cone  v,  whose  height  is  h. 

In  this  case  we  have 

I  =  !L  =  i,.H  =  8A 
V  h         1 

or  the  depth  below  the  surface  of  the  water  is  eight  times  the 
height  which  is  above. 

^  Secondly — let  the  upper  or  smaller  cone  be  less  than  ^  the 
volume  of  the  lower  one,  then  the  depth  below  water  will  be 
greater  than  eight  times  the  height  above. 

Thirdly — ^let  the  upper  or  smaller  cone  be  greater  than  ^  the 
Tolume  of  the  lower  one,  then  the  depth  below  water  will  be  less 
eight  timea  the  height  which  is  abo\e. 
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Continuing  in  this  way,  a  number  of  eases  might  be  considered 
wlu(^  would  show  us  that  in  some  cases  the  depth  of  ice  below  the 
surface  of  the  water  is  eight  times  that  which  is  above,  in  some 
cases  less  than  eight  times,  and  in  other  cases  greater  than  eight 
times. 

What  now  remains  to  be  done  is  to  take  the  case  which  seems  to 
be,  for  the  generality  of  icebei^,  the  most  probable  one.  This 
I  believe  to  be  the  case  where  we  have  a  pinnacle  standing  on  a  foot 
or  pedestal,  or  in  the  limiting  case  a  cone  floating  with  its  apex 
upwards.  In  this  case  the  height  above  the  surface  of  the  water  ioill 
he  generally  greater  than  the  depth  which  is  below.  Until  future 
observations  show  this  view  to  be  a  wrong  one,  I  think  I  shall 
be  justified  in  keeping  to  the  above  result 

YIL — ^NOTES   ON   COBAL   BeEFS. 

By  Statf-Commandbb  Hb^oit  Hoskbn,  R.N.,  H.M.S.  Pearl, 
[Commimicated  by  R.  H.  Scott,  F.R.S.,  Director  of  the  Meteorological  Office.] 

1HAVB  to  thank  you  for  your  kind  letter  of  the  24th  of  December, 
1875 ;  it  affords  me  great  satisfaction  to  hear  that  my  remarks 
about  the  New  Hebrides '  have  interested  you. 

Thinking  that  my  observations  on  the  soundings  that  I  obtained 
off  the  east  end  of  Yanikoro  Island,  Santa  Cruz  Group,  might  be 
useful,  I  propose  to  forward  a  copy  of  them,  together  with  tracings, 
with  the  next  Log  that  I  shall  complete  and  send  into  office;  the 
originals  were  forwarded  to  the  Hydrographical  Department  on  the 
3l8t  December,  1875.  A  new  edition  of  the  Chart  No.  986  with 
corrections  has  since  been  issued. 

The  chief  interest  of  this  discovery  is  not  so  much  in  its  hydro - 
graphical  importance,  as  in  its  connexion  with  the  probable  alteration 
uf  the  geological  formation  of  these  reefs,  or  else,  allowing  that  they 
existed  at  the  time  of  the  Survey,  it  shows  that  this  "  Barrier  Reef " 
is  not  so  different  from  the  general  rule  as  was  at  first  supposed, 
when  the  Chart  showed  a  gap  of  eight  miles  in  the  reef. 

Before  our  arrival  at  Vauikoro  Island,  Commodore  Goodenough 
and  I  had  been  remarking  on  the  peculiarity  of  the  apparent  cessation 
of  the  "  Barrier  Reef*  on  the  weather  side  of  that  island. 

The  Pearl  was  taken  into  the  anchorage  of  Ocili  Harbour,  Tevai 
Bay,  under  sail,  a  strong  Trade  was  blowing ;  when  nearly  abreast 
Dillon  Head,  and  steering  in  on  the  course  recommended,  a  shoal 
fcipot,  upon  which  the  sea  occasionally  broke  heavily,  was  seen ;  this 
was  only  cleared  by  about  a  ship's  length ;  particulars  are  given  in 
copy  of  remarks.     The  patch  appeared  to  consist  of  live  coraL 

Whilst  the  Pearl  was  steaming  out,  several  soundings  were 
obtained,  and  much  discoloured  water  seen  over  shoal-looking 
ground,  the  description  of  which  is  given  in  Remarks,  and  the 
position  shown  in  the  tracings  already  alluded  to. 

It  had  been  Commodore  Goodenough's  intention  to  have  taken 
the  Pearl  inside  the  "Barrier  Reef,"  but  eventually  it  was  considered 

>  See  Geol.  Mag.  1876,  Decade  II.  Vol.  III.  p.  8*2. 
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advisable  to  round  the  island  outside  it,  whilst  he,  with  some  of  tbe 
officers,  went  in  the  boats  and  visited  the  villages  on  the  south  and 
west  coasts.  This  was  the  last  friendly  reoeption  that  the  late 
Commodore  had  from  the  natives,,  for  it  was  on  the  following  day 
that  he  received  his  death  wound  at  Santa  Cruz. 

It  is  fortunate  that  the  Fearl  was  not  piloted  inside  the  "  Barrier 
Beef,*'  for  the  lagoon  space  was  reported  (on  the  return  of  the  boats) 
to  be  full  of  patches  of  growing  coral,  which  rendered  the  passages 
too  intricate  for  a  vessel  of  her  size.  You  will  gather  from  my 
remarks,  that  I  consider  these  sunken  shoals  to  be  a  oontinoation  of 
the  "  Barrier  Beef."  The  following  questions  therefore  arise :  have 
these  shoals  grown  up  since  the  survey  in  1828  by  Capt.  Dumont 
d'Urville  ?  or  did  they  exist  at  that  time,  and  were  by  some  mis- 
chance not  discovered  ?  The  survey,  in  other  respects,  appears  to 
be  such  a  good  one  that  I  am  loath  to  believe  that  the  latter  is 
the  case. 

Mr.  Darwin,  in  his  second  edition,  revised,  of  the  ''Structure 
and  Distribution  of  Coral  Beefs,"  pp.  64,  167,  and  216,  mentions 
this  '<  Barrier  Beef,"  and  that  the  level  of  the  islands  has  been 
a£fected  by  earthquakes ;  also  Prof.  Dana,  in  his  English  edition  of 
'*  Corals  and  Coral  Islands,"  p.  307,  refers  to  the  same  thing. 

With  respect  to  the  coral  patch  off  Dillon  Head,  had  it  existed  at 
the  time  of  the  Survey,  it  could  not  well  have  been  overlooked,  for 
it  was  distinctly  visible  (with  an  occasional  heavy  break  over  it 
during  our  stay)  from  the  auchorage.  Another  reason  for  believing 
that  alterations  have  taken  place  in  the  harbour,  is  found  in  the  names 
that  were  given  to  the  other  two  shoals,  leading  one  to  imagine  that 
they  would  be  difficult  to  be  made  out,  whereas  they  appear  always ' 
to  have  a  break  upon  them,  and  can  be  plainly  seen ;  the  terms 
"Deceitful"  and  "  Treacherous"  would  scarcely  have  been  applied  to 
these  most  apparent  dangers  had  they  in  the  year  1828  been  in  their 
present  state. 

On  the  west  or  lee  side  of  Vanikoro  Island  there  were  several 
large  stones  of  coral  rock,  well  above  the  water,  lying  on  the  "Barrier 
Beef,"  which  were  not  shown  upon  the  chart. 

Contrary  to  what  one  generally  finds  with  respect  to  these  reefs, 
the  highest  part  is  to  leeward  and  the  sunken  position  to  windward. 

Tapoua  Island,  which  lies  20  miles  N.W.  from  Vanikoro,  has  a 
"  Barrier  Beef,"  but  Santa  Cruz,  which  is  40  miles  further  to  the 
N.W.,  has  not  any ;  a  fringing  reef  borders  portions  of  the  coast, 
but  it  is  not  continuous. 

VIII. — High-level  Tbbraces  in  Norway. 

By  J.  R.  Dakyns,  Esq. ; 
Of  H.  M.  Geological  Survey  of  England  and  Wales. 

IN  the  summer  of  1872  I  visited  Norway,  and  wrote  the  following 
brief  notice  of  certain  high-level  terraces  immediately  on  my 
return  to  England,  but  kept  it  back  that  I  might  first  consult  some 
papers  on  Norwegian  terraces  that  had  appeared  in  the  closing 
numbers  of  ''Scientific  Opinion'*;   these  I  was  not  able  to  meet 
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with  for  80  long  a  time  that  I  gave  up  the  idea  of  sending  my  notice 
to  the  press.  I  am  now  induced  to  do  so,  because  I  see  that  the 
sobject  of  the  parallel  roads  of  Olenroj  still  occupies  the  attention 
of  geologists,  and  it  may  induce  some  one  next  summer  to  examine 
minutely  the  Dovre  terraces  and  sand-heaps  and  their  relation  to  the 
physical  geography  of  the  district  I  was  merely  able  to  make  a 
flying  visit  to  them,  which  I  delayed  my  party  to  do,  because  they 
caught  my  eye  so  forcibly,  as  we  were  driving  along  the  valley. 

The  papers  in  "  Scientific  Opinion,"  which  I  have  since  seen,  do 
not  deal  with  high-level  terraces  such  as  those  above  Dovre. 

It  is  well-known  that  Norway  has  risen  above  the  sea-level  to  the 
extent  of  500  or  600 '  feet  within  comparatively  recent  times.  This 
is  known  from  two  kinds  of  evidence,  that  of  marine  shells,  and  that 
of  raised  beaches,  terraces,  and  sea-marks.  Marine  shells  of  recent 
species  have  been  found  at  a  height  of  470  feet  (?  Norwegian)  ac- 
cording to  Ejerulf.'  As  to  the  other  kind  of  evidence,  it  is  to  be 
met  with  universally.  At  the  head  of  every  fjord  a  series  of  terraces 
of  sand  and  gravel  is  to  be  seen,  sometimes  more,  sometimes  less 
numerous,  lining  the  side  of  the  dales,  and  corresponding  with 
distinct  lines  of  old  wave- action,  which  can  be  traced  for  miles 
running  along  the  mountain-sides  above  the  sea.  These  terraces 
were  clearly  formed  in  the  same  manner  as  the  present  delta  of  sand 
and  gravel,  which  is  now  forming  at  the  head  of  every  fjord,  and 
which  another  rise  of  the  land  would  convert  into  a  similar  terrace. 

Such  terraces  are  more  or  less  numerous  according  to  the 
accidents  of  denudation ;  each  separate  terrace  marking  at  least  one 
step  and  pause  in  the  elevation  of  the  land.  I  made  this  year 
(1872)  various  barometric  observations  of  the  height  of  the  best- 
marked  of  these  terraces.  There  is  one  at  Soholt,  on  the  Stor  Fjord, 
about  180  feet  above  the  sea-level ;  one  at  Hellesylt,  on  the  same 
fjord,  270  feet  above  the  sea-level, — this  is  a  very  well  marked  one. 
A  large  and  well-marked  terrace  at  Odde,  on  the  Hardanger  Fjord, 
is  between  200  and  300  feet  high.  At  Sogndal  the  highest  flat  is 
460  feet  above  the  sea,  but  no  section  of  sand  or  gravel  was  to  be 
seen,  the  solid  rock  showing  at  the  surface.  The  highest  terrace  of 
sand  and  gravel  is  374  feet  above  the  sea.  Above  this  level  the 
solid  rock  shows,  though  the  level  step  at  460  feet  looks  like  an 
old  sea- margin. 

The  above  heights  of  course  are  mere  rough  approximations ;  but 
there  is  no  doubt  that  the  terraces  in  fjords  show  an  elevation  of 
about  400  feet,  and  that  corresponding  sea-margins  can  be  traced 
outside  the  limits  of  the  dales  above  the  sea  itself. 

The  Norwegian  geologists  do  not  admit  a  greater  elevation  of  the 
country  than  to  the  extent  of  500  or  600  feet,  because  they  have 
not  found  any  marine  shells  above  that  height  In  the  year  1869 
I  noticed  several  well-marked  sea-margins  on  the  Norwegian  coast 
in  the  neighbourhood  of  Tromsoe,  and  my  impression  is  that  the 

»  Sir  C.  Lyell  says  700,  "  Principles,"  11th  ed.  p.  133. 

*  Kjemlf  says  in  his  **  Jagttagelser  over  den  Postpliocene  eller  glaciale  formation, 
UniTersitats-program  for  fiirste  halvaar,"  that  marine  shells  have  been  found  up  to 
470  feet  above  the  sea-level. 
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highest  of  these  is  more  than  500  feet  above  the  sea  (bat  a  lands- 
man is  a  bad  judge  of  heights  and  distances  across  water).  This 
year  (1872)  I  found  sands  and  gravels,  apparently  precisely  similar 
to  the  lower  terraces,  at  Haugen,  on  the  watershed  as  yon  cross 
from  the  Stor  Fjord  to  the  Nord  Fjord,  at  the  height  of  1100  feet 
above  the  sea.  This  sand  I  judged  by  the  eye  to  reach  as  high  as 
1200  feet ;  and  my  impression  is  that  it  was  merely  a  part  of  a 
terrace  stretching  for  a  great  distance  along  the  hill-ude  well  over 
the  watershed. 

But  the  best  instance  I  know  of  high-level  terraces,  similar  in  all 
respects  (except  the  all-important  one  of  position)  to  those  acknow- 
ledged marine  ones  at  the  heads  of  fjoras,  is  in  the  Gudbrandsdal 
and  on  the  watershed  between  that  dale  and  the  Bomsdal.  The 
traveller  going  north  ascends  between  Laurgaard  and  Broendhaugen 
by  a  rocky  defile  to  a  rolling  plateau  covered  with  sand-hills 
arranged  in  irregular  mounds.  Just  before  reaching  Dovre  on  this 
plateau,  the  road  crosses  a  bridge,  where  a  stream  from  the  west 
joins  the  main  river.  This  stream  issues  from  a  narrow  glen,  by 
which  a  road  leads  to  Yaage,  and  the  mouth  of  this  glen,  just  where  it 
opens  out  upon  the  main  valley,  is  occupied  by  terraces  of  sand  and 
gravel  precisely  similar  to  those  at  the  heads  of  Qords ;  and  the  top 
of  these  terraces  coincides  with  a  distinct  mark,  which  runs  hori- 
zontally along  the  hill-side  as  far  as  the  eye  can  reach,  till  it  is  lost 
to  sight  round  the  gable  end  at  the  descent  above  Laurgaard.  This 
mark  might,  were  the  beds  flat,  be  taken  for  an  escarpment;  but 
it  is  nothing  of  the  sort.  The  beds  are  highly  inclined,  and  the  mark 
runs  horizontally  along  the  solid  rock  for  miles  across  the  bedding.^ 
On  the  opposite,  or  east  side  of  the  valley,  is  a  corresponding 
feature,  apparently  at  the  same  height  above  the  stream.  Dovre  is 
marked  on  the  pocket  map  of  the  "  Reise  Enter  i  Norge "  as  1500 
feet  above  the  sea ;  and  it  is  not  much  higher  than  the  bridge. 
The  top  of  the  terrace  is  by  aneroid  between  400  and  500  feet 
above  the  bridge.  This  would  make  it  about  2000  feet  above 
the  8ca.  Judging  by  the  eye,  it  reaches  very  nearly,  if  not  quite,  as 
high  as  Dombaas,'  which  is  given  on  the  map  as  2100  feet  above 
the  sea.  This  horizontal  water-raargin  can  be  traced  along  the 
^vest  side  of  the  valley  at  least  as  far  north  as  Holset,  where  a  large 
valley  coming  in  from  the  west  shows  sand -terraces.  The  main 
valley  is  very  flat  all  the  way  from  Holset  to  Lesjivaark  and 
Molmcn,  between  which  places  is  the  lake  flowing  both  ways,  and 
therefore  on  the  very  watershed.  The  terrace  and  its  accompanying 
water-mark  are  therefore  up  to  the  level  of  the  watershed,  if  they 
are  not  actually  higher.^  This  is  a  point  which  can  only  be  settled 
by  a  proper  examination  of  the  ground  :  and  a  very  important  point 
it  is,  for  it  makes  all  the  difference  between  the  terrace  being  due  to 
marine  action  and  to  the  waters  of  an  ice-dammed  lake.      If  the  top 

*  The  Norwegian  Gcoloj^ical  Map  marks  the  beds  as  striking  directly  across  the 
main  valluy,  but  no  amount  of  dip  is  given. 

2  For  any  one  wishing  to  make  an  extended  examination  of  the  country,  Dombaas 
would  be  very  good  head-quarters.     There  is  an  excellent  inn  there. 

3  From  this  point  I  have  departed  from  the  text  of  my  original  manuscript  in 
ojider  to  indicate  the  two  possible  sol.utionB  that  appeai  o^n  to  us. 
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o(  the  terrace  is  above  the  sammit  level  of  the  pass,  it  will  be 
difficult  to  avoid  the  oonolusion  that  it  is  an  old  sea-margin.  At  the 
time  I  first  saw  the  water-mark  and  terrace,  I  had  no  hesitation 
about  ascribing  them  to  the  sea;  bat  on  returning  to  England, 
I  found  that  the  Norwegian  geologists  do  not  admit  so  great  a 
depression.  I  cannot  see  that  the  mere  absence  of  shells  is  an 
insuperable  objection  to  the  beds  in  question  being  marine;  for 
surely  the  climate  might  have  been  unfavourable  to  the  existence  of 
shell-fish. 

K,  on  the  other  hand,  the  said  terrace  is  on  a  level  with  the  water- 
shed (and  there  is  certainly  no  great  di£ference  between  them),  one 
is  irresistibly  led  to  think  of  the  similar  case  of  the  parallel  roads  of 
Glenroy,  and  to  speculate  on  this  terrace  too  having  been  due  to  the 
waters  of  a  gigantic  Marjelen  See,  dammed  back  by  ice  till  it  over- 
flowed the  summit  of  the  pass  at  Molmen ;  and  it  is  significant  that 
I  could  see  no  trace  of  terrace  or  water-mark  on  the  Homsdal  side 
of  the  pass. 

But  the  above  is  not  all.  There  is  in  the  same  district  a  second 
horizontal  mark  on  the  solid  rock,  several  hundred  feet  higher  than 
the  2000  one.  This,  too,  appears  to  correspond  with  sand-terraces  in 
the  recesses  of  the  high  glens ;  but  I  was  not  able  to  visit  it,  and  can 
form  no  more  than  a  guess  as  to  its  height ;  it  probably  is  as  high  as 
the  plateau  of  the  Dovre  Fell, — that  is,  more  than  3100  feet  above  the 
sea.  This  plateau  I  know  to  be  covered  with  large  gi*avel  mounds 
between  Dombaas  and  Folkstuen.  Here,  again,  it  is  striking,  that 
the  water-mark  should  seem  to  correspond  with  the  level  of  a  water- 
shed. But  it  is  useless  to  speculate,  and  would  be  absurd  to  offer 
an  opinion  on  the  subject  without  examining  the  ground.  I  will 
merely  say,  that  only  one  of  two  conclusions  seems  open  to  us; 
either  the  terraces  and  water- marks  are  old  sea- margins,  or  else  they 
are  the  margins  of  huge  ice-dammed  lakes. 

The  fells  rising  above  the  high-level  terraces  and  water-marks  are 
rounded,  and  of  a  general  moutonneed  look.  This  general  glaciation 
of  the  high  fells  must  have  taken  place  either  before  or  simultaneously 
with  the  deposition  of  the  terraces,  as  any  subsequent  ice-sheet  would 
inevitably  have  swept  them  clean  way. 

The  Norwegian  Geological  Map  represents  the  valley,  above  and 
below  Dovre,  for  the  distance  of  forty-one  kilometres,  as  occupied  by 
alluvial  and  post-glacial  sand ;  but  whether  this  is  intended  to  include 
the  high-level  terraces  as  well  as  the  sand-heaps  in  the  valley 
bottom  I  do  not  know,  but  presumably  it  is. 


I. — Ondulations  dk  la  Craie  dans  lk  Nobd  db  la  France — 
Deux  Systemes  de  Plis, — Age  de  oes  Plis.  Par  M.  Hebert. 
(Annales  des  Science  Geologiques,  torn.  vii.  No.  2,  Paris,  1876.) 

N  a  paper  read  before  the  Soci^to  G^ologique  de  la  France,  in 
June,  1875,  M.  Hebert  described  a  series  of  nearly  parallel 


I 
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folds  in  the  Chalk  of  Northern  France,  running  in  a  general  direction 
from  S.E.  to  N.W.  These  folds,  five  in  number,  he  distinguished  as 
the  axes  of  Perche,  the  Seine,  Bray,  Bresle,  and  Artoi&^  These  are 
crossed  almost  at  right  angles  by  a  second  set,  also  nearly  parallel, 
whose  general  direction  is  consequently  about  S.W. — ^N.B.  To 
describe  this  second  series,  and  to  advance  some  general  views  on  the 
probable  age  of  the  folds  in  both,  is  M.  Hebert's  object  in  the  paper 
under  consideration. 

The  first  fold  of  this  second  series  starts  at  Eouen,  and  runs  in  a 
straight  line  through  Aumale  to  Pecquigny,  whence  it  is  prolonged 
in  a  N.E.  direction,  passing  a  little  to  the  south  of  Arras  towards 
Douai  and  Toumay. 

The  second  brings  the  Olauconitic  Chalk  to  the  surface  at  Pres- 
sagny  TOrgueilleux  and  La  Madeleine,  near  Vernon,  and  passes  in 
its  north-east  extension  close  to  Breteuil  (Oise),  cutting  the  axis  of 
Bray  a  little  to  the  south  of  Ville-en-Bray.  If  prolonged  in  a  south- 
west direction,  it  would  pass  between  Evreux  and  Conches  by  the 
important  fault  which  has  determined  the  outcrop  of  the  Glauconitic 
Chalk  in  the  valley  of  the  Iton. 

The  third  fold  runs  along  near  the  shores  of  the  Channel.  Start- 
ing from  Petreval,  near  Fecamp,  it  extends  with  a  curve,  or  bend,  to 
Dieppe,  where  it  is  probably  represented  by  the  fault  described  in  a 
previous  paper.'  At  both  Fecamp  and  Dieppe  the  beds  dip  at  a 
higher  angle  on  the  N.W.  than  on  the  S.E.  side.  Supposing  it  to 
continue  in  the  same  direction  on  leaving  Dieppe,  it  would  then  pass 
through  Beaurainville,  north-west  of  Hesdin,  intersect  the  axis  of 
Artois  at  Fruges,  and  terminate  at  Dennebroeucq,  where  the 
Devonian  beds  crop  up. 

The  presence  of  these  several  folds  leads  the  author  to  conclude, 
in  opposition  to  several  eminent  English  geologists,  that  one,  if  not 
more  such  folds  exist  in  the  bed  of  the  Channel,  which  will  offer 
serious  obstacles  to  the  construction  of  a  tunnel  in  the  Chalk  as 
proposed.  That  such  undulations  do  exist  there,  he  considers  to 
have  boon  conclusively  proved  by  the  soundings  conducted  by 
MM.  Potier  and  De  Lapparent.  One  of  these  (the  fourth  of  this 
series)  would  be  nearer  to  the  English  than  the  French  shore,  but 
parallel  to  the  Sandgatte  coast,  and  consequently  to  the  other  three. 

The  fifth  and  last  of  the  scries  is  also  the  southernmost  Com- 
mencing at  Ferte- Bernard,  it  stretches  in  a  N.E.  direction,  past 
Beynes  to  Compiegne,  and  is  exactly  parallel  to  that  between  Vernon 
and  Breteuil. 

Kespecting  the  ages  of  the  folds  of  both  the  S.E.-N.W.  and  S.W.- 
N.E.  series,  M.  Uebert  comes  to  the  following  conclusions  : — 

1.  The  first,  or  oldest,  is  the  synclinal  fold,  in  which  the  Wealden 

^  The  correspondence  of  some  of  these  axes  with  others  on  thia  side  of  the  Channel 
had  already  been  pointed  out  by  M.  Ch.  Barrois  in  a  communication  read  before  the 
same  Society  in  March,  1875.     Thus  the  aids  of  Artois  is  probably  represented  by 
that  of  Kingsclere;  the  axis  of   Bresle  by  that  of  Winchester;  and  the  axia  of 
Bray  by  that  of  the  Isles  of  Wight  and  Purbeck. 

^  Bull.  Soc.  Geol.  de  France,  2°  serie,  torn.  xxix.  p.  586,  and  ibid.  3®  s^rie,  torn, 
iii.  p.  526. 
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beds  were  deposited ;  in  age  between  the  Jurassic  and  Cretaceous 
periods ;  and  belonging  to  the  S.W.-N.E.  series. 

2.  The  second,  also  synclinal,  is  the  depression  of  the  Somme ;  in 
age,  between  the  Wealden  and  Neocomian;  belonging  to  the  S.E.- 
X.W.  series. 

3.  The  third,  also  6.E.-N.W.,  is  the  first  indication  of  the 
elevation  of  the  Boulonnais  and  the  Weald,  and  took  place  between 
the  Oault  and  Olauoonitic  Chalk  periods. 

4.  The  fourth  is  the  S.W.-N.E.  anticlmal  ridge  from  Fei-t^- 
Bernard  to  Brunelles. 

6.  The  three  S.E.-N.W.  folds  of  the  Perohe  hills  follow  next, 
posterior  to  the  Chalk  with  Inoceramua  lahiatus,  anterior  probably  to 
that  with  Terebraiella  Bourgeoisii,  but  at  all  events  of  Turonian  age. 

6.  The  above-named  crumplings  doubtless  acted  on  other  parts  of 
the  basin  besides  those  named,  but  it  was  especially  after  the 
deposition  of  the  Chalk  with  Micr aster  cor-anguinum  and  before  that 
of  the  Chalk  with  BelemniteUa,  that  the  S.E.-N.W.  elevations  of  the 
Seine,  of  Bray,  Bresle,  and  Artois  were  clearly  defined. 

7.  The  S.W.-N.E.  fold  of  Pressagny-rOrgueiileux  to  Breteuil,  also 
anterior  to  the  Chalk  with  BelemniteUa,  was  coincident  with  an 
upheaval  of  N.W.  France,  and  the  formation  in  the  north-east,  in 
Flanders,  of  a  channel,  apparently  the  only  one,  connecting  the  Paris 
Basin  with  the  North  Sea. 

8.  Finally,  between  the  periods  of  the  Chalk  with  BelemniteUa 
mucronata,  and  the  Pisolitic  Chalk,  an  increase  of  elevation  took 
place  in  the  S.W.-N.E.  axes  of  Bray  and  the  Seine. 

The  lateral  pressures  which  have  caused  these  two  systems  of 
folds  seem  generally  to  have  acted  alternately,  and  so  far  from  having 
formed  them  at  once,  appear  to  have  acted  through  successive  epochs. 
The  S.W.-N.E.  system  showed  itself  first ;  but  as  far  as  the  actual  con- 
figuration of  the  ground  is  concerned,  the  S.E.-N.W.  series  exercised 
the  more  considerable  influence,  inasmuch  as  its  action  was  prolonged 
to  the  close  of  the  Tertiary  deposits  of  the  Paris  Basin,  destroying  or 
at  least  obliterating  the  effects  of  the  per2)endicular  folding. 


IL — On  a  Eecent  Discovery  of  Cakboniferous  Batrachians  in 
Nova  Scotia.  By  J.  W.  Dawson,  LL.D.,  F.R.S.  (American 
Journal  of  Science  and  Arts,  vol.  xii.,  Dec.  187G.) 

THE  erect  SigillarisB  inclosed  in  the  sandstone  overlying  coal- 
group  16  of  Section  XV.  Division  4,  of  the  South  Joggins 
section,  have  already  furnished  Principal  Dawson  with  numerous 
remains  of  the  reptilia  of  the  Coal  Period.  The  contents  of  another 
of  these  hollow  stems  have  recently  been  investigated  by  him  with 
great  success. 

Thirteen  skeletons,  representing  six  species,  were  brought  to  light, 
besides  several  Millipedes  and  shells  of  Pupa  vetusta.  These 
remains  enable  Prof.  Dawson  to  give  fuller  descriptions  than  hitherto 
of  the  genera  Hylerpeton,  Dendrerpeton,  and  Hylonomns,  and  to  add 
two  new  species  to  the  first- named  genus,  viz. — Bylerpeton  longi- 
dentatus,  and  27.  curtidentattis. 
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The  Primayal  World  of  Switzerland  :  with  500  lUnstratiosft. 
By  Professor  Oswald  Hebr,  of  the  Universily  of  Zorioh.  Edited 
by  James  Heywood,  M.A.,  F.R.S.  (Translated  by  W.  8.  Dallas, 
I  F.L.S.,  Assistant  Secretary  G^l.  Soc.  Lond.)  Illiutrated  by  a 
coloured  Gkologioal  Map  of  Switzerland ;  7  tinted  page-size  plates 
of  scenery ;  and  11  Plates  of  Fossils.  2  vols.  Sva  pp.  716. 
(London,  Longmans,  Green  k  Co.,  1876.) 

THE  physical  features  of  Switzerland  have  long  been  nearly  as 
familiar  to  a  large  portion  of  our  countrymen  as  the  hills  and 
valleys  of  their  native  land.  Each  mountain  peak,  each  pass  and 
glacier,  has  been  visited  and  graphically  described.^ 

Elijah  Walton  has  painted  for  us  the  rosy -tinted  Matterhom,  the 
pale  Mont  Blanc,  and  the  blushing  Jungfrau  kissed  by  the  first  rays 
of  the  rising  sun. 

Forbes,  Ball,  Tyndall,  Wills,  Whymper,  and  numerous  leading 
members  of  our  Alpine  Club  have  scaled  its  peaks  and  studied  its 
glaciers,  and  probably  nearly  as  many  papers  on  the  geology  of  the 
Swiss  Alps  have  been  written  by  English  as  by  Swiss  geologists. 
Foremost  in  the  ranks  of  the  latter  stands  the  author  of  the  present 
work,  Dr.  Oswald  Heer,  of  Zurich.  Already  well  known  abroad  as  the 
author  of  many  valuable  works  on  Fossil  Botany  and  Entomology,' 
he  has  given  us  the  benefit  of  his  services  here  also  in  the  examination 
and  determination  of  the  plant-remains  from  the  series  of  lignites  and 
clays  of  Bovey  Tracey,  Devonshire.'  and  from  the  Norfolk  Forest- 
bed  ;  whilst  to  him  also  we  are  indebted  for  that  wonderful  chapter 
in  Fossil  Botany  revealed  by  the  Plant-beds  of  Greenland  and 
Spitzbergen,  whose  treasures  have  been  brought  back  by  Nordenskiold 
and  others,  and  placed  in  Dr.  Oswald  Heer's  hands  for  description. 

Under  the  title  of  "  Urwelt  der  Schweiz,"  the  present  work  ap- 
peared at  Zurich  in  1865,  and  a  French  edition,  in  1872,  was 
published  at  Basle  and  Geneva. 

Perhaps  the  most  attractive  feature  of  the  work  before  us  is  a 
series  of  eight  tinted  plates,  giving  ideal  views  of  Swiss  land  and 
sea  in  the  Carboniferous,  Keuper,  Lias,  Jura,  the  Miocene,  Quatern- 
ary and  Glacial  Periods. 

If  we  ventured  to  criticize  these  restorations,  we  would  take  excep- 
tion to  the  foliage  of  Lepidodendron  in  the  Carboniferous  Period 
being  represented  as  pendulous,  like  the  Weeping- willow.  From  an 
examination  of  numerous  remains  from  the  Coal-measures,  we  are 
satisfied  that  the  leaves  and  cones  were  borne  erect,  not  depending. 
We  think  the  same  criticism  applies  to  the  *  Asterophyllitea '  foliage  of 
the  Calamites,  which  would  not,  wo  venture  to  suggest,  have  bent 

*  Seo  the  Alpine  Guides  by  John  Ball,  F.R.S.,  late  President  of  the  Alpine  Club, 
London,  I^ngmans  &  Co.,  in  10  parts  at  2»,  6d.  each,  vrith  excellent  maps  and 
panoramas. 

'  On  the  Tertiary  Flora  of  Switzerland.  On  the  Vejretation  and  Climate  of  the 
Tertiary  I'lriod.     On  the  Tertiary  Insects  of  O^ningen  and  Kadoboj. 

•  The  Lijoiite  Formation  of  Bovev  Tracer,  by  W.  I'engeUy,  F.R.S.,  and  Dr. 
Oswald  Heer,  of  Zurich,  PhU.  Trans.',  18G3. ' 
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I     ibrawarda,  but  liars  tnnwd  npwaHa  also.    The  dear  old  Stigmaria, 
f     mtimd  a  Sigillaria  ttem,  i>  growing  in  the  water,  an  in  the  early  days 
of  geologioal  inqniry. 

In  Older  to  aooonnt  for  a  Oarboniferoos  fenna  and  flora  in  hi^ 
Bortbem  latitadea.  Dr.  Heer  advooates  the  theory  that  at  that  time 
the  prepondenmt  heat  on  the  earth  wae  not  that  of  Ihe  nm.  It  is, 
ttowever,  a  generally-reoeived  dootrine  among  geologista  and  physioiato 
■t  the  preaent  day,  that  the  influence  of  the  earth's  internal  heat  had 
eeaaed  to  affect  the  climate  of  the  globe  long  before  either  its  cmst, 
its  waters,  or  ita  atmosphere  had  beoome  sufficiently  modified  to 
ailmit  of  their  becoming  the  abodes  of  living  organisms.  Any  appeal, 
therefore,  to  the  internal  heat  of  the  earth  in  explanation  of  abundant 
animal  and  plant  life  in  high  Arctic  regions,  either  in  Fa1»ozoio  or 
Neonrio  timea,  mnat  be  deemed  nnsatigfaotory  at  the  present  day ;  and 
the  key  to  the  solation  of  the  problem  must  be  sought  either  in  a 
change  in  the  inclination  of  the  earth's  axis,  an  increase  of  the  sun's 
heat,  or  probably  in  a  oombination  of  these  cansea  together  with  a 
complete  change  in  the  relative  distribntion  of  land  and  aea  in  both 
hemispheres.  Prof.  Keer  seems  to  regard  the  absence  of  light 
dming  tlie  long  Arctic  winter  as  unimportant,  provided  the  heat 
was  only  maintained  well  above  freezing-point.  Even  the  insects 
of  the  Coal  Period  be  believes  to  have  been  chiefly  noctamal.  But 
tttere  were  many  diurnal  inaects  present  in  the  Goal  Period  beaides 
the  nootamal  TermtUa  and  Cook-roaches.' 

The  accompanying  figure  is  (together  with  others),  by  the  oourteay 
0I  Mr.  ^ywood,  leproduoed  from  Prof.  Heer'a  work. 


pp.  60-M,^\.u..V  «MQiw;i\.. 
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Prof.  Heer  describes  and  figures  many  of  those  beantifnl  CSarboni- 
fcrous  plant-remains  coated  as  it  were  with  silver  or  gold,  met  with 
in  the  Valais  and  higher  up  in  the  Col  de  Balme.  These  plants  have 
also  been  found  at  the  Col  d'Anteme  above  Ghamouni,  and  were 
examined  in  1856,  by  Mr.  Alfred  Wills,  whose  collection  is  pre- 
served in  the  British  Museum.  One  remarkable  feature  to  be  seen 
at  the  village  of  Petit  Coeur,  near  Moutiers  in  the  Tarentaise  (due  to 
the  inversion  of  the  Carboniferous  strata),  was  noticed  by  £)lie  de 
Beaumont  in  tlie  *  Annales  des  Sciences  Naturelles '  so  long  ago  as 
1828.*  Here  we  find  Belemnites  in  Secondary  rooks  beneath  shales 
of  undoubted  Carboniferous  age.' 

From  the  formation  of  Coal,  Prof.  Heer  proceeds  to  speak  of  that 
most  nearly  analogous  accumulation  of  vegetable  fuel — Peat,  which 
we  may  observe  going  on  at  the  present  day  over  such  extensive 
tracts  in  the  colder  temperate  regions  of  the  earth,  and  from  which, 
in  Denmark,  Ireland,  Switzerland,  and  some  parts  of  England  also, 
such  interesting  relics  of  prehistoric  man  liave  been  obtained. 

Unfortunately  for  Switzerland,  her  industrious  and  patriotic  people 
enjoy  but  a  very  small  share  of  that  valuable  Coal-formation  so  widely 
distributed  through  England,  Belgium,  and  the  United  States.  Con- 
sequently peat  and  wood  fuel  are  carefully  collected  and  stored,  and 
for  coal  its  industries  depend  upon  the  basins  of  Saarbruck  and  St- 
Etienne  and  a  smaller  quantity  from  the  Vosges  (Bonchamp),  and  from 
the  Ruhr  district  in  Westphalia.  The  rate  of  growth  of  peat  is  no  doubt 
subject  to  considerable  climatal  variations,  being  readily  influenced 
botii  by  the  temperature  and  moisture  of  the  atmosphere.  Prof. 
Heer  says  that — "  Under  moderately  favourable  circumstances,  1  foot 
of  peat  may  be  produced  in  a  century.  In  the  form  of  coal  this 
would  make  a  layer  of  0*33  line,  or  about  ^rd  of  a  line.  To  produce 
a  bed  of  coal  44  feet  in  thickness,  such  as  occurs  in  England,  a 
period  of  nearly  20,000  years  would  therefore  be  necessary.  If  we 
take  the  increase  at  3  lines  annually,  10,000  years  would  be  required, 
or  with  4  times  the  increase,  only  5.000  years." 

Even  under  the  most  favourable  conditions  for  rapid  increase, 
however,  the  period  of  time  involved  in  the  annual  growth,  decay 
and  accumulation  of  vegetation  and  its  conversion  into  coal,  must 
neces.sarily  have  been  immense.  In  South  Wales,  for  instance,  the 
total  thickness  of  the  Coal-measures  has  been  reckoned  at  from 
10,000  to  12,000  feet.  Estimating  the  increase  of  sediment  at  2  feet 
in  a  century,  and  admitting,  with  Mr.  C.  Maclaren,  that  it  might  take 
1000  years  to  form  a  bed  of  coal  1  yard  in  thickness.  Prof.  Hull  has 
calculated  that  the  deposits  forming  the  South  Wales  Coal-field 
might  have  been  accumulated  in  640,000  years ! ' 

*  See  also  Sir  C.  F.  Bunbury's  paper  on  Fossil  Plants  from  the  Anthracite 
Formation  of  the  Alps  of  Savoy,  Quart.  Journ.  Geol.  Soc.  Lend.,  1849,  vol.  v. 
p.  130. 

-  See  Prof.  Favre's  (leoloj^ical  Researches  in  the  Vicinity  of  Mont  Blanc  in  Savoy, 
Piwlraont,  and  Switzerland,  vol.  iii.  p.  337,  etc. 

»  See  "  The  Geology-  of  England  and  Wales."  by  Horace  B.  Woodward,  F.G.S., 
1876,  p.  93. 
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"In  Switzerland  no  fossil  remains  of  the  Permian  period  have 

been  preserved,  although  some  of  the  Swiss  rock-masses  probably 

belong  to  this  epoch."    The  Muschelkalk,  with  its  salt-deposits,  is 

met  with  on  the  left  bank  of  the  Ehine  extending  from  Eyburg 

(Dear  Bheinfelden)  to  Basle.     Borings  at  Schweizerhall,  between 

Basle  and  Augst,  revealed  a  deposit  of  rock-salt  30  feet  thick  at 

i  depth  of  420  feet.    At  Bheinfelden  it  is  probably  60  feet  in 

hickness. 

At  Salzbnrg  and  Berchtesgaden  the  salt  is  mined  dry  by  means  of 

nmerous  horizontal  workings ;  but  at  Bheinfelden,  Schweizerhall, 

Lugst  and  Byburg  the  wet  method  is  adopted.     Water  is  conducted 

brongh  the  salt  and  is  then  pumped  out  and  evaporated ;  in  this 

ray  about  590,000  cwt.  of  salt  are  produced  annually.     Salt  works 

Iso  exist  at  Bex  in  the  Canton  de  Yaud. 

Grood  figures  of  the  characteristic  fossils  of  the  Muschelkalk,  e.g. 
keratites  tiodosus,  NatUilus  hidorsatust  Encrintis  liliiformia,  Femphix 
meurii,  eta,  are  given.  This  is  the  case  with  each  formation  described 
[ironghout  this  work. 

In  the  Kenper  of  Basle,  we  meet  with  those  gigantic  Horse-tails 
Equisetum  arenaceum)^  which  for  sii:e  might  fairly  rival  some  of  the 
lidamites  of  the  Coal  Period.  A  very  effective  coloured  plate, 
ilustrative  of  the  Flora  of  the  Keuper  period,  with  its  Tree-ferns, 
^oUzioBt  and  Equiseiacea,  deserves  to  be  specially  noticed. 

From  the  Eeuper  Period  of  Basle  we  pass  to  the  Liassic  formation 
f  Schambelen  in  the  Canton  Aargau,  and  here,  as  also  in  the  sue- 
eeding  Jurassic  Period,  Prof.  Heer  unfolds  before  us  the  rich 
reasures  of  the  sea  with  its  Ammonitea,  its  PentacriniteSy  its  Star- 
shes  and  shells,  its  Shrimps  and  Lobsters  and  fishes  with 
namelled  scales. 

The  Lias  is  rich  in  fossil  forms,  but  the  Jura  is  even  richer  still ; 
3r  besides  abundance  of  marine  organisms,  we  have  a  most 
iteresting  revelation  of  the  contemporary  terrestrial  fauna  and 
ora  preserved  to  us.  The  Swiss  in  his  inland  valley  is  far  from 
iie  shores  of  the  ocean  of  to-day,  yet  he  resides  in  a  vast  marine 
ay  left  dry  by  the  retiring  waters ;  and  the  rocky  walls  around  him 
fere  once  great  Coral-reefs,  within  whose  shelter  lived  and  died 
"ishes  and  MoUusca,  Echinoderms  and  Crustacea  without  number, 
nd  upon  whose  dry  and  higher  island  summits  once  grew  the 
iamia  and  the  Palm-tree,  whilst,  fearless  of  aldermen,  the  Turtles 
nd  the  Lizards  laid  their  eggs  or  rested  peacefully  upon  its  beaches. 

If  then  it  be  a  pleasure  to  wander  along  the  sea-coast,  gathering 
le  productions  of  the  sea  left  at  our  feet  by  the  retiring  tide,  how 
reat  must  be  our  interest  and  surprise  as  we  wander  anionp:  the 
wiss  mountains  to  gather  the  relics  of  the  fauna  of  the  sea-shores 
f  a  primaeval  world ! 

But  the  geologist  can  do  more  than  this  ;  for  without  dredge  or 
iver's  aid  he  can  study  each  zone  of  life  in  this  ancient  sea  from  its 
jore-line  with  Patellas  and  Purpuras,  Neritas  and  Mytili,  down  to 
le  100- fathom  line,  each  depth  marked  by  its  special  residents,  its 
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BivalTei  and  OaBteTopods,  its  Conls,  Sponges,  Bda-nrohins,  and 
Fentacrinitea,  down,  down  to  the  Otabigerina  oote. 

An  interesting  feature  of  the  work  is  the  introduotion  of  a  series 
of  maps  giving  in  ontline  the  probable  relations  of  sea  and  land  in 
Jurassic,  Cretaoeons,  and  Miocene  times  in  Central  Europe. 


Undoubtedly  the  most  wonderful  record  of  the  life-histoij  of  the 
Jurassic  Period  has  been  preserved  to  us  in  those  remarkable  qnarries 
in  the  Lithographic  Stone  of  Eiobstadt,  Pappenheim  and  Soleuhofen, 
near  Munich  in  Bavaria. 

Here  comparatively  thin-bedded  limestones  are  exposed,  which 
have  evidently  resulted  from  a  long-continued  supply  of  extremely 
fine  and  homogeneous  mud  derived  from  the  disintegration  of  ad- 
jacent land  by  some  great  river  Bysteiu  bringing  down  vast  quanti- 
ties of  wasted  Magnesiau  and  more  recent  Bhfetio  limestones,  whoee 
coinniiiiglcd  sediments,  especially  in  their  ttiinner  and  probably  mor« 
slioHl'water  depositions,  reveal  to  us  the  near  presence  of  land  teem- 
ing with  life,  as  attested  by  large  Dragon-Uiee,  Beetles,  Hemipterous 
insects,  long  and  sliort-tailed  Pturodactyls  and  Land-lizards,  and  that 
remarkable  bird  the  Areh/ropleryx.'  Numerous  Conifers  are  evidenced 
by  detached  branches  and  remains  of  cunes,  some  of  which  have 
been  described  by  Prof.  Dyer  in  the  pages  of  this  Maoazene.'  These, 
with  abundance  uf  Fishes.  Cnistacen,  and  Mollusca,  make  up  a  mar- 
vellously rich  record  of  Upper  Jurassic  life ;  and  the  geologist  who 

1  PrPsGrved  in  tho  British  Miueum.  oud  described  bj  Prof.  Owen  In  the  Fhil. 
Trans.  1863,  p,  33,  pi.  1. 

1  See  pnpcT  on  Knme  CiiiiifemiH  Remiiins  from  the  Lithnrraphic  Stone  of 
BolenhoteD,  by  Prof.  W,  T.  Thiaelton  Dyer,  It.-V.,  L.Sc,  F.L.S.,  Ghol.  Mio.  1872, 
Vol.  IS.  pp.  150,  lfl3,  I'l.  v.,  ot«. 
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"mid  nndentand  die  Jan  Period  thoroaghly  shonid  pay  these 
duticftl  qatuTies  s  viait  onhu  journey  to  or  from  Unnioli,  where,  ia 
be  National  Mnaenm,  he  will  find  a  m^ni&Mnt  oolleotion  of  the 
^rpo  speoimens  of  toq  Ueyer*!,  Sohlotheim'B,  Oppel's,  Zittel's,  and 
■isnj  other  oelebnted  palseontolo^sts'  figures  and  desoriptionB  of 
Litbogn^bio  limeatone  rmhIi. 

"  Dnrinff  the  snooeeding  Cretaoeons  Period,  a  great  part  of  Switzer- 
lud  «■■  diy  land)  the  ua  covering  chiefly  the  low  ground  from  the 
I«ka  of  Orautanoe  to  the  Lake  of  Oeneva ;  its  northern  coast  ran 
neariy  in  the  direotion  of  SohafFhaneen  by  Aaran  and  Soleure  to 
Bienne.  and  thence  extended  further  westward,  qnitting  the  linuts  of 


represent 

Switzerland.  The  sea  no  doubt  covered  these  diatricta,  where 
strips  of  marine  Cretaceous  deposits  are  frequently  met  with,  which 
were  formerly  oonneoted  together.  The  southern  shore  of  the 
Swiss  Cretaceous  sea  is  shown  generally  by  a  line  drawn  from 
the  Idke  of  Wollenstadt  to  Altdorf,  the  Lake  of  Brienz  and  Bex  ; 
but  there  are  numerous  and  deep  inlets  bringing  the  sea  into  tl)e 
interior  of  the  Alps,  as  in  the  Canton  of  the  Orisons,  where  the 
Calanda  and  part  of  the  chain  of  the  Kalfeusen  are  formed  of  Creta- 
ceous rocks."  (p.  17G.) 

PasBiDg  from  the  Cretaoeoua  formation  to  the  Tertiary  Peiiod,  wo 
have  in  the  Eiioeue  slate-quarries  of  Mntt,  in  the  Canton  Glaris,  the 
most  important  Swiss  locality  for  the  remains  of  fossil  fishea.  Dry 
land  was  at  no  great  distanoe,  oa  evidenced  by  the  fossil  reuuiiiis  of 
two  species  of  birds  found  at  l^Iatt.  These  beds  muat  have  under- 
gone great  pressure,  as  they  closely  resemble  the  Cambrian  alates  of 
Bangor  in  their  general  appearance,  though  of  a  much  darker  hue  ; 
they  are  also  largely  guarried  for  the  some  ecooomu)  pur^^OBCft  0.%  >;imx 
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PaUeozoio  slates.    A  fine  series  of  fiah  remains  from  these  beds  mty 
be  seen  in  the  Qeolo^cal  Colleotioa  of  the  Britieh  Masenm. 

No  fewer  than  fif^-three  ^)eoies  of  fish  have  been  identi&d  and 
described,  together  with  twn  Sea-turtles  snd  two  Birds.  We  gnhjab 
a  figure  of  one  of  the  turtles. 


Fia.4.  CA>/i>wOTafa,neet,  from  Matt,  ons-third  Hit  aiie.    (I1g.l41,p.24B,Eeer.] 
Fio.  6.  Cluloni  imMeata,  living  Eawk'i-biU  Tnrtle.     (Fig.  143,  p.  348,  Heer.) 

Tlie  birds  {ProionuB  Blumeri,  Heer,  and  P.  glaroneMva,  Meyer) 
were  about  fbe  size  of  Larks,  and  appear  to  have  belonged  to  the 
family  of  Finches. 

The  Glaris  elale-rock  is  the  oldest  of  these  Swiaa  Tertiary  deposits, 
and,  liko  the  beds  nf  Monte  Bolca,  is  of  Middle  Eocene  age.  Above 
it  is  the  Niimmulitic  formation  of  Balligstocke,  and  the  newest,  the 
shales  of  Matiremont,  Soleure,  and  Obergiisgen,  containing  remains 
of  no  fewer  than  twenty-five  genera  of  terrestrial  Mammalia,  together 
with  twelve  Keptilia  represented  by  Chelonite,  Ophidia,  and  Crooodilia. 

Nearly  one-fifth  of  the  area  of  Switzerland  (about  152  square 
geogmpliical  miles),  comprising  the  lowland,  undulating  country 
botw«?en  the  Jura  and  the  Alps,  is  covered  by  mosses  of  marls  and 
sandstones,  which  have  received  the  general  name  of  "  Molasse," 
and  include  all  the  fomiatioiis  of  Middle  Tertiary  or  Miocene  ago  in 
this  area.  I'heso  dejwsits  are  of  great  thickness,  and  rise  on  the 
borders  of  the  Alps  into  considerable  inountAins,  such  as  the  Speer 
(6021  feet)  and  the  Eight  (5541  feet).  To  the  south  the  'MoUsse' 
is  stopped  by  the  zone  of  '  Flysch  '  and  the  Niimmulitic  deposits  ;  it 
toaches  the  Cretaceous  rocks  only  in  a  few  localities.     To  the  noitii 
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t  is  boonded  by  the  Jura,  and  b;  the  heights  of  the  Gretaoeoos 
tx^  belim^Dg  to  that  obain. 


3.6.    Contoal Earopsltt  the  Middle  HiocmePBTiod  (tlie  HalT«tuiiitage).    The 
M&tmenti  «re  wtuM;  tod  tlie  ihided  puti  npnuat  the  na.    (Fig.  Ifii, 
p.  196,  Heer.) 
The  following  are  the  divigionB  rect^ized  by  Prof.  Heer : — 
TT  (  Upper  Freihwiter  Holaase. 

MiA™    I T,  Upper  Brown  Cod-formatiOT. 
HiocKta.   (  'nE<i«3ian  Bug,. 

I  Hbtuis  HolsMe. 
HiDDLi     I  IT.  HelTetian  Stage. 
HiOCUiB.    1  BiAalpint  Malattt. 

\  SMI  Slublotu. 

C       Loww  Fnehwater  HoIum. 
III.  Otej  HoImw  Stage. 
II.  Lover  Brown  Coel-formittioii. 
AgniUmian  Stagt. 
StdXettu. 
I  Huine  Holaue. 
l.  Tongrian  Blage. 

"Switzerland  takes  the  lead  of  all  oonntries  in  ita  abnndant 
posits  of  Miocene  plants.  There  are  abont  eight;  places  in 
iritzerland  where  Miocene  plants  have  been  ooUeoted."  Of  these 
onod  has  yielded  193  species ;  Loole,  liO  species ;  Hobe-Bhonen, 
c2  species;  and  (Eningen,  465  species;  920  species  of  Miocene 
ants  are  known  to  Heer  from  varions  Swiss  localilies. 
llieTS  can  be  little  donbt  that  forests  covered  Switzerland  in  the 
iooene  Period  probably  similar  in  character  to  those  which  clothe 
e  valleys  of  the  Orinoco  and  the  Amazon  in  8onth  America  at  the 
"eaeat  ^y. 

CKprtatittea  and  Ahietiitea  are  the  two  chief  Ooniferous  families 
hicb  daring  this  period  composed  so  large  a  proportion  of  the 
rest  flora  all  over  Europe. 


I  11. 
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: Fio,  B. ,  , Fio.  T. ■  Fio.  B. 


Fio.  6,  OlyfftMlrabitt         .... 

b.  twig  with  male  flowed ;  c.  twig  with  dirsigent  leaTCi ;  i.  twig  with 
adproMd  leaTOi.— Fio.  7.  Taxadtiim  dutichum  wiBawim.  «.  From  Hohe- 
Bbonen ;  t.  mile  flowen  from  fiOin. — Fia.  8.  WiddHnfianim  Btlmita, 
Heer,  from  Hohs-Ehonen.  a.  Bnmch;  i.  doted  cone;  «.  oose  opan;  d. 
open  cone  with  seed*.  (Heer,  Figs.  KG,  166,  tod  16S,  p.  32t.) 
The  genus  Seguoto  had  a  wide  distribution  in  Twtiaiy  times  irom 

Cenlntl  Italy  and  Greece  up  to  the  Arctio  ssone. 
Sequoia     Zangxdorji    is 

found  fossil  on  the  Uao- 

kenzie    River,    in  Green- 
land, in   Kamtsohatka,  in 

Alaska,  and  also  in  many 

European  localities.    This 

form  is  closely  related  to 

the  redwood  (Seqwna  •em- 

pervirena)     which     fonna 

preat  forests  at  the  present 

day  in  the  coast-range  of 

California,     throwing    up         y.^.  9.     S^guol,.  La«9,^JL     <..   con 

stems  250  feet  high.      The     Riihott;   *,  lonptndinal  «ortioa   with  »eed;   o. 

Mammoth-tree (Seouoiagi-     transverse  «oction;    d.  seed;  «.  female  flower*. 

S«n(ea)  is  found  only  in  the     From  Greenland.  70' H.  Ut.     (Heer,  Fig.  168b, 

Iiigher  Sierra,  and  is  much     ^' 

more  limited  in  its  range  than  the  other  species,  and  is  probably 

dying  out,  other  and  smsJler  Coniferse  apparently  far  out-numbering 

it  upon  its  own  ground."    It  attains  a  height  of  300-320  feet,  aod 

a  diameter  of  20-^0  feet.     Bemains  of  this  genus  are  found  in  the 
'  See  the  admiralile  Address  bj  Prof.  A«a  Gnij-  to  the  American  Association  at 
J>nbuqaB,  Jowa,  in  SUUmaa't  American  Jounul,  Wily  i-A  wriw,  voL  ir.  p.  2tt2. 
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ftown-roal  of  Bonn  and  in  the  Miooens  Idgnitea  of  Bovey  Traoey, 
ud  ita  ancestry  liM  been  traced  back  aa  &r  as  the  Cretaoeons  Period. 
At  leagt  twelve  apeoiea  (X  Palma  have  been  met  with  in  Svira 
Hiocane  deposita. 


Tt».  10.  Ptlnu,  etc.  of  Switxerlond,  KMorwl  from  thmr  leave*.  1.  Stial  mcjor, 
Ulg.  sp.  2.  Phtnirila  tptUAUi;  Dng.  3.  FltieUana  RtiHiiaiayia,  Heer.  4. 
ibaiMTM/arvMM,  Heer.  5.  ZMfroa  MrioM,  Ung.  gp.  t.  PkragmiUt  (Eningaui; 
L  Br.    7.  C^fMrw  mOuIim,  Heer.    (Fig.  164,  p.  335,  Beer.) 

Bearing  in  mind  that  only  a  single  species  of  palm,  the  dwarf 
Fan-palm,  Chatuaropi  humilit,  Linn.,  is  now  found  in  Europe,  we 
may  conclude  that  a  more  warm  and  equable  climate  was  enjoyed 
over  all  this  region  of  the  earth. 

"  This  higher  temperature  of  the  Swiss  Miocene  land  may  be  in 
part  explained  by  the  form  of  Europe  at  that  time.  A  difierent 
distribution  of  land  and  water  is  seen  in  the  map  of  Central  Europe 
at  this  period  (see  Fig.  S).  The  eastern  sea,  which  extended  into 
Switzerland,  most  have  exerted  a  warming  influenoe,  ae  it  was 
connected  with  the  Indian  Ocean  through  the  Red  Sea,  and  perhapa 
also  through  the  Persian  Qulf.  From  this  tropical  sea,  a  current  of 
warm  water,  like  the  existing  Qulf-stream  in  the  Atlantic,  flowed 
towards  the  northern  seas,  exerting  a  powerful  influence  upon  the 
temperature  of  the  surroimdin^  lands  by  means  of  the  biooA  Knn&  (^i 
the  M^  wbiak  penetrated  iatotbe  heart  of  Europe."    (io\.  iV.  ^.  16^."^ 
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Liko  tlie  plant-lifo,  Inseote  wei'e  most  nbundatit  at  Q^ingoti,  nboot 
876  iipoci^iB  bftvitig  \>eea  described.  Fisho§  of  fiTshwator  spoOM 
were  iilso  [iloiitit'iil,  together  with  gigantic  Salamaiiilers,  Frogt, 
Tuttilx, Lizards,  ('n<r  <<'iiles,  Ser])eiitB,  nn<t  Tortoises,  in  all  STspeciua; 
and  mx  spedec;  of  lliil'^ ;  wliiUtof  Mammalia  □!*  species  are  known, 
3  gcntirn  only  ol  v.  Iiiuli  now  occur  in  Switaerland  (Certaa.  Snt.  anil 
Sciurua).  Tho  Gil'^-ns  now  live  iulndb;  thu  Opoeaama  (IUdtlplijit) 
in  Boutlj  AMurici:  Ihe  Bbinoceros  and  Musk-deer  in  India  and 
Africa  ;  l1ie  Tiijiiis  in  Tudia  and  S.  America.  Space  iloej  not  p«nnit 
lis  t(i  comjilcte  llii.s  ititereBting  historical  sketch  of  Middle  £arop« 
ilown  to  tliG  jirL'sc'jLt  Juy,  A  long  lapi<e  of  centuries  follows  (iUed 
up  ijy  the  QiuitiTiiary  Period  wifh  ita  more  sombre  forests  of  Pines, 
Bircb,  Oak,  nud  Syraimore,  its  herds  of  wild  Elephants,  its  Ehino- 
ceroses  ant!  Bufl'dlos. 


Reports  and  Proceedings.  ^^ 

With  thifl  piling  np  of  the  drift  over  these  last  records  a  period 

was  reached  when  Man  appeared  on  the  scene.    Then  came  the  Pile- 

iNiiiderB,  and  constmcted  their  villages  in  the  Swiss  lakes,  the  history 

of  which  has  heen  so  admiiablj  told  for  us  by  Keller,  and  trans- 

htad  hy  Mr.  J.  E.  Lee,  F.S.A.    But  of  all  this,  and  of  the  Glacial 

Ariod  in  the  Swiss  valleys  when  the  Alpine  flora  and  fauna  came 

down  the  mountain  sides  into  the  sheltered  valleys,  and  ice  and  snow 

inoreaaed  greatly^  let  those  who  desire  to  know  more,  read  Prof. 

Heer*s  interesting  volumes. 

To  the  lover  of  Switzerland  an  additional  charm  will  be  added  to 
each  fireeh  visit  by  this  insight  into  its  ancient  history  teeming 
with  matter  of  interest  alike  for  the  palaeontological  and  geological 
student.  H.  W. 


Okolooioal  Sooixtt  of  London. — L — December  20th,  1876. — 
Pxof.  P.  Martin  Duncan,  M.B.,  F.B.S.,  President,  in  the  Chair. 

The  President  read  to  the  Meeting  a  copy  of  resolutions  passed  at 
the  Meeting  of  the  Cbuncil  of  the  Boyal  Society  held  on  December  7th, 
relative  to  the  administration  of  the  Government  Fund  of  £4000, 
voted  for  the  advancement  of  Scientific  Besearch.  He  stated  that 
the  Secretaries  of  the  Boyal  Society  were  prepared  to  receive  applica- 
tions for  a  portion  of  the  sum  so  liberally  voted  by  Qovemment  for 
the  advancement  of  science,  and  added  that  the  Council  of  the 
Geologioal  Society  would  be  glad  to  receive  any  hints  or  suggestions 
bearing  upon  the  disposal  of  this  fund. 

The  President  also  announced  that  the  late  Dr.  Barlow,  whose  loss 
must  be  deplored  by  all  the  Fellows  of  the  Society,  had  left  to  the 
Society  by  will  the  sum  of  £500,  to  be  invested  and  to  constitute  a 
Fund  under  the  title  of  the  '*  Jameson-Barlow  Fund,"  the  proceeds 
to  be  applied  annually,  or  at  intervals  of  two  or  more  years,  at  the 
discretion  of  the  Council,  in  such  manner  as  shall  seem  to  them  best 
for  the  advancement  of  the  study  of  Geology.  Dr.  Barlow  also  left 
to  the  Society,  under  certain  restrictions,  his  Collections  of  geological 
specimens,  and  a  selection  of  books  from  his  Library. 

The  President  further  announced  the  donation  to  the  Society  by  the 
Earl  of  Enniskillen  of  the  drawings  made  by  Mr.  Dinkel,  from  Sir 
Philip  de  Malpas  Qrey-Egerton's  collection,  for  the  illustration  of  Prof. 
Agassiz's  great  work  on  Fossil  Fishes,  presented  in  accordance  with 
the  promise  made  by  his  Lordship  at  the  meeting  of  the  24th  May. 

The  following  communications  were  read : — 

1.  On  "  Pharetrotpangia  Strahanu  a  fossil  Holorhaphidote  Sponge 
from  the  Cambridge  Coprolite  Bed,"  By  W.  J.  Sollas,  Esq.,  B.A., 
F.G.a 

The  sponge  described  by  the  author,  which  had  been  long  labelled 
as  a  Chenendapora  in  the  Woodwardian  Museum  at  Cambridge,  is  a 
fossilized  siliceous  sponge,  characterized  by  an  irregularly  reticulate 
fibrous  skeleton,  the  fibres  of  which  in  the  living  state  were  com- 
posed of  a  number  ofailioeoua  acerate  spicules,  lying  para\i^\  lo  ^d£k 
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other  and  to  the  sides  of  the  fibre.  These  spioules  are  still  suffi- 
ciently well  preserved  to  be  figured  and  measured  individually, 
though  they  nave  undergone  a  pseudomorphio  change,  by  which 
their  original  composition  has  been  exchanged  for  a  calcareous  one. 
A  similar  replacement  has  occurred  in  the  case  of  various  species  of 
Manan  and  Poroapongia ;  and  this  fact  is  of  great  interest,  as  showing 
that  the  extinct  and  anomalous  order  of  Calcispongiae,  which  these 
fossils  were  supposed  to  indicate,  has  no  necessary  existence,  since 
their  calcareous  nature  is  a  superimposed  one,  and  their  original 
structure  agrees  completely  with  that  of  existing  siliceous  forms. 
Fharetrospongia  Strahani  itself  exhibits  close  affinities  to  an  un- 
described  sponge  now  living  in  the  Australian  seas. 

2.  "  On  the  remains  of  a  large  Cmstaoean,  probably  mdiiatrpe  of 
a  new  species  of  Bm§pimm»f  or  allied  gemu  (Ewjjitems?  Stevensoni) 
from  the  Lower  Carboniferous  series  (Cement-stone  group)  of  Ber- 
wickshire." By  Bobert  Etheridge,  jun.,  Esq.,  F.G.S.,  Palsaontologist 
to  the  Geological  Survey  of  Scotland. 

The  fragmentary  Crustacean  remains  described  in  this  paper  are 
referred  by  the  author  to  a  large  species  of  Euryptems.  They  are 
from  a  rather  lower  horizon  in  the  Lower  Carboniferous  than  that 
from  which  Euryptems  Scotderi,  Hibbert,  was  obtained.  The  animal 
was  probably  twice  the  size  of  E,  Seouleri.  The  remains  consist  of 
large  scale-like  markings  and  marginal  spines  which  once  covered 
the  surface  and  bordered  the  head  and  the  hinder  edges  of  the  body- 
segments  of  a  gigantic  Crustacean,  agreeing  in  general  characters 
with  the  same  parts  in  E.  Seovleri,  but  differing  in  points  of  detail. 
For  the  species,  supposing  it  to  be  distinct,  the  author  proposes  the 
name  of  K  Stevensoni. 

Mr.  H.  Woodward  remarked  that  the  remains  of  Eurypteri  from  the  Carboni- 
ferous rocks  are  so  distinct  from  the  Upper  Silurian  EurypUri  of  America,  Shrop- 
shire, Lanarkshire,  and  Russia,  as  probably  to  entitle  them  to  be  placed  in  a  distinct 
genus ;  and,  indeed,  at  some  future  day.  When  more  remains  are  obtained,  they  may 
perhaps  have  to  bo  arranged  among  the  Arachnida,  alone  with  many  carious 
tragmente  which  have  been  called  ArthropUura^  discovered  oy  Mr.  M*Murtrie  in 
the  Kadstock  Coal-field,  by  Mr.  Jordan  in  the  Saarbriick  Coal-basin,  and  by  Mr. 
Gibbs  in  the  Manchester  Coal-field.  EurypleruM  Scouleri  occurs  at  Kirton  with 
Sphcuopteris  Hibberti  in  a  remarkable  siliceous  deposit,  probably  thrown  down  by  an 
old  tliernial  spring  in  the  Carboniferous  period. 

Prol.  Ramsay  remarked  that  the  rock  from  which  the  fossils  were  deriyed  seemed 
to  liim  to  be  pretty  nearly  the  equivalent  of  the  Burdie- House  Limestone,  which  he 
liad  long  ago  thought  might  be  to  a  considerable  extent  formed  by  calcareous  deposits 
from  thermal  waters,  probably  during  a  period  of  great  volcanic  activity.  This 
would  be  in  favour  of  Mr.  Woodward's  opinion. 

3.  ''On  the  Silurian  Grits  near  Corwen,  North  Wales."  By 
Prof.  T.  McKenny  Hughes,  M.A.,  F.G.S. 

The  author  commenced  with  a  description  of  sections  near 
Corwen,  in  North  Wales,  from  which  he  made  out  that  the  grits 
close  to  Corwen  were  not  the  Denbigh  grits,  but  a  lower  variable 
series,  passing  in  places  into  conglomerate  and  sandstone  with 
subordinate  limestone  and  shale.  This  series,  under  the  name  of 
*  The  Corwen  Beds'  he  described  in  detail,  having  traced  them  round 
the  hills  S.  of  Corwen,  also  near  Bryngorlan,  S.  of  the  Vale  of 
Clwyd,  on  Cyrnybrain,  and  S.  of  Llangollen.     He  had  noticed  in 
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plaoee  a  kind  of  double  deavage  affecting  the  lower  series,  but  not 
the  upper,  and  also  fragments  of  oleaved  mudstone  included  in  the 
upper,  from  which  he  inferred  a  disturbance  of  the  older  rocks 
pieriotos  to  the  deposition  of  the  newer.  He  exhibited  a  selection  of 
foesils,  and  said  thai  immediately  below  the  Corwen  beds  there  were 
none  but  Bala  fossik.  In  the  Corwen  beds  all  the  few  fossils  found 
were  oommon  to  the  Llandoveiy  rocks,  some  of  them,  as  Meristella 
ara$»a  and  Pttraia  erentdata,  being  peooliar  to  that  formation.  In 
the  flaggy  slates  above  the  Pale  Slates  he  had  found  Graptolites  and 
Orthooeratites  of  the  same  species  as  those  found  in  the  Denbigh 
Flags.  He  considered  that  the  Corwen  Beds  were  on  the  hgrison  of 
the  May  Hill  or  Llandovery  group,  and  should  be  taken  as  the 
base  of  the  Silurian,  thus  including  in  the  Pale  Slates  or  Tarannon 
Shale  a  thick  series  which  intervened  between  the  Corwen  Beds  and 
the  flaggy  slates  of  Penyglog. 

4.  "On  Mineral  Veins."  By  W.  Morgan,  Esq.  Communicated 
by  Warington  W.  Smyth,  Esq.,  F.R.S.,  F.G.S. 

The  author  maintained  that  no  one  theory  can  be  accepted  in 
explanation  of  the  formation  of  mineral  veins ;  and  that  whilst  in 
some  cases  their  formation  may  be  due  to  the  presence  of  pre-existent 
flasuree  induced  by  shifting  of  the  containing  rock,  in  others  any 
such  explanation  is  insufficient,  as  he  thought  the  means  by  which 
the  sides  of  such  fissures  were  kept  apart  could  not  be  easily  indicated. 
The  point  upon  which  he  especially  insisted  in  connexion  with  this 
question  was  the  presence  of  *'  horses  "  in  many  mineral  veins.  He 
advocated  the  view  that  the  walls  of  veins  were  in  close  proximity 
in  their  earliest  stage,  and  that  the  enlargement  and  infilling  of  the 
veins  took  place  simultaneously  by  the  segregation  of  materials  derived 
from  the  adjacent  rock,  supplemented,  perhaps,  by  a  tension  or 
tendency  to  separation  caused  by  slow  contraction  of  the  latter. 
Instead  of  a  fissure  he  assumed  the  presence  of  an  irregular  surface 
of  least  resistance  or  of  electrical  action,  at  which  the  vein  matter 
might  collect  at  first  as  a  mere  film.  In  this  way,  he  thought,  the 
vein  might  increase  and  its  walls  might  recede  simply  by  the  aggre- 
gation of  the  vein-matter  itself,  and  in  general  in  proportion  to  the 
degree  of  mineral  saturation  of  the  adjacent  rooks. 

H— January  10th,  1877.— Prof.  P.  Martin  Duncan,  M.B.,  F-RS.. 
President,  in  the  Chair. — The  following  communications  were  read : — 

1.  "On  Gigantic  Land-Tortoises  and  a  small  Freshwater  Species 
from  the  Ossiferous  Caverns  of  Malta,  together  with  a  List  of  the  Fossil 
Fauna,  and  a  Note  on  Chelonian  Remains  from  the  Rock-cavities  of 
Gibraltar."  By  A.  Leith  Adams,  Esq.,  M.B.,  F.R.S.,  F.G.S.,  Pro- 
fessor of  Zoology  in  the  Royal  College  of  Science,  Dublin. 

The  author  described  three  extinct  species  of  Tortoises  from  the 
Maltese  rook-cavities,  one  of  which  was  of  gigantic  proportions,  and 
equalled  in  size  any  of  the  living  or  extinct  land  Chelonians  from 
the  Indian  or  Pacific  islands.  The  characteristic  peculiarity  in  the 
two  larger  species  is  a  greater  robustness  of  the  long  bones  as  com- 
pared wit&  the  denizens  of  the  Mascarene  and  Galapagp^  \&lQAid&^ 
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with  which  he  had  been  enabled  to  contrast  them.  The  largest,  on 
that  accoant,  he  had  named  T.  rohuaia;  it  rivalled  the  gigantic 
Testudo  ephippium^  Gunther,  in  size,  showing  affinities  to  it  in  a 
few  minor  characters.  A  smaller  species,  T,  Sprattii,  and  a  small 
Lutremys,  not  distinguishable,  as  far  as  the  few  remains  extend,  from 
the  recent  L.  eurcp€Ba,  besides  many  fragments  of  shields  of  tortoises 
of  various  dimensions,  had  been  obtained.  These  Chelonians  were 
found  in  conjunction  with  the  remains  of  the  dwarf  Elephants  and 
other  members  of  the  remarkable  fauna,  collected  by  Admiral  Spratt 
and  the  author  in  the  ossiferous  rock-cavities  of  Zebbag;  Mnaidra, 
Benghisa,  etc.  The  paper  contained  a  list  of  the  animal  remains 
hitherto  recorded  from  the  Maltese  fissure  caverns,  including  three 
species  of  dwarf  Elephants,  two  species  of  Hippopoiamua^  two 
gigantic  species  of  Myoxua,  a  gigantic  Swan,  and  other  animal  re- 
mains; and  further,  a  Note  on  some  Chelonian  remains  firom  the 
rock  fissures  of  Gibraltar. 

2.  "  On  the  Corallian  Rocks  of  England."  By  the  Eev.  J.  P. 
Blake,  M.A.,  F.G.S.,  and  W.  H.  Hudleston.  Esq.,  M.A.,  F.G.8. 

The  object  of  the  paper  was  to  describe  the  rock  masses  existing 
betwixt  the  Oxford  and  Eimmeridge  Clays.  Topographically  the 
Corallian  region  is  divided  into  five  districts  of  very  unequal  nze, 
wholly  separated  from  each  other.  The  special  features  of  each  dis- 
trict were  detailed,  both  as  regards  the  development,  composition, 
and  fauna  of  the  several  subformations  therein  contained,  and  these 
latter  compared  with  their  equivalents  or  representatives  in  the  other 
districts.  The  old  names  wei*e,  as  far  as  possible,  retained;  but, 
where  obviously  inapplicable,  local  names  replaced  them. 

In  the  Weymouth  district  (I.)  one  section  dJsdoses  230  feet  of  beds 
between  the  Oxford  and  Eimmeridge  Clays,  made  up  in  asoending 
order  of  grits,  clays,  marls  and  oolites,  gritty  limestones  very  fossili- 
ferous  townrds  the  top,  clays,  and  grits.  Another  section  on  the 
opposite  side  of  the  anticlinal  shows  the  same  development  of  the 
central  limestones  ;  but  the  lower  series  is  considerably  attenuated, 
and  the  upper  series  (Supra-Coralline)  shrunk  from  about  90  feet  to 
ft  thin  ferruginous  band  of  only  a  few  inches.  There  are  hardly  any 
corals,  and  no  Coral  Bag  whatever;  argillaceous  and  arenaoeous 
matter,  always,  however,  more  or  less  mixed  with  lime,  prepon- 
derates, but  there  is  a  rich  and  varied  fauna,  which  has  strong 
affinities  with  some  of  the  Corallian  beds  of  other  districts.  This 
culminates  in  the  Trt^om'a-beds,  which  lie  towards  the  top  of  the 
main  limestone  series ;  above  this  the  fauna  inclines  to  Kimmeridgian, 
below  to  Oxfordiau  types.  The  remarkable  irregularity  of  the  Supra- 
Coralline  beds  was  noted,  especial  reference  being  made  to  the 
mineral  character,  fossQ  contente,  and  geological  position  of  the 
Abbotsbury  iron-ore.  In  the  North  Dorset  district  (II.)  the  thick- 
ness of  the  mass  is  much  reduced,  and  its  constituti(Hi  greatly  altered. 
Corals  are  still  very  rare,  but  calcareous  sediment  greatly  pre- 
ponderates, and  is  made  up  largely  of  comminuted  shell,  loosely 
aggregated  pisolites,  and  rubble,  frequently  false-bedded ;  the 
arenaceous  base  of  the  Corallian  series,  described  generally  under 
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the  term  Lower  Calcareous  Grit,  is  almost  at  its  minimum  in  the 
neighboarhood  of  Sturminster.  The  central  limestones  contain  a 
moderate  assemblage  of  the  usual  Corallian  forms,  but  Cidaris 
JUnigemma^  appears  confined  to  a  rubbly  bed  of  about  8  feet  thick. 
The  West  Midland  range  (UI.),  extending  from  Westbury  to  Oxford, 
exhibits  the  greatest  variety,  and,  being  classic  ground,  contains  a 
luger  proportion  of  the  type  forms  of  the  rocks.  The  development 
18  very  unequal,  and  the  entire  group  is  reduced  to  less  than  25  feet 
in  some  places ;  but  where  the  sandy  base  is  expanded,  as  in  those 
districts  where  the  escarpment  faces  the  north,  the  thickness  ex- 
ceeds 100  feety  occasionally  falling  to  about  30  feet  in  the  direction 
of  the  dip,  witii  the  probability  of  the  entire  mass  ultimately  thinning 
to  a  feather  edge.  In  many  places  true  Coral  Rag  is  largely 
developed,  usually  terminating  tne  Corallian  series  in  an  upward 
direction,  or  at  most  succeeded  by  a  very  few  feet  of  ferruginous 
sand.  Throughout  the  great  escarpment  facing  the  upper  valley 
of  the  Thames,  the  lower  arenaceous  member  predominates,  though 
much  mixed  with  thin-bedded  sandy  clays,  the  whole  constituting 
a  loose  formation,  which  is  capped  by  hard  gritty  limestone  con- 
taining an  abundant  fauna,  representative  of  the  middle  series, 
differing  somewhat,  on  the  one  hand,  from  the  Rag  with  its  partially 
Kimmeridgian  character,  and,  on  the  other,  from  the  Lower  Cal- 
careous Grit,  whose  affinities  are,  of  course,  Oxfordian.  The  beds 
of  this  district,  however,  are  so  varied  that  it  is  impossible  to  deal 
with  them  in  an  abstract  District  lY.  includes  the  Coral  reef  at 
Upware,  75  miles  E.N.E  of  Oxford ;  though  the  exposures  are  small, 
they  are  very  suggestive.  The  limestone  of  the  south  pit  is  an 
excellent  Coral  Rag,  but  softer  smd  more  chalky  than  much  of  the 
Coral  Rag  of  the  West  Midland  district.  Moreover,  whilst  the  rock 
contains  many  familiar  forms,  and  especially  Cidaris  Jlorigemma,  whose 
presence  in  abundance  invariably  indicates  a  distinct  horizon,  we  also 
find  the  casts  of  shells,  rarely  or  never  met  with  in  the  West  of 
England,  but  which  appear  common  in  some  parts  of  the  Continent : 
e,g.  species  of  Isoarca,  and  certain  species  of  Qp««,  which  latter  occur 
also  in  a  portion  of  the  Yorkshire  Basin  (V.).  This  bears  130  miles 
N.  by  W.  from  the  reef  at  Upware.  The  Corallian  beds  are  grouped  as 
a  belt  of  rocks  inclosing  an  oval  tract  of  Kimmeridge  Clay.  There  is 
more  symmetry  here  than  in  the  south,  and  the  triple  division  of  grit, 
limestone,  and  grit,  though  not  absolutely  true  in  all  places,  is  fairly 
accurate ;  most  of  the  beds  are  better  developed,  and  the  conti-ast 
between  the  Coral  Rag  and  underlying  Oolites  is  strongly  marked. 
In  the  Tabular  Hills  these  Oolites  constitute  a  double  series,  divided 
by  a  "  Middle  Calc  Grit,"  a  fact  first  indicated  on  sti*atigraphieal 
grounds  by  Mr.  Fox  Strangways,  and  amply  borne  out  by  fossil 
contents.  The  shell  beds  of  the  Lower  Limestones  are,  especially 
in  their  lower  parts,  charged  with  Brachiopoda  and  other  forms  of 
the  Lower  Calc  Grit ;  whilst  the  Upper  Oolite,  on  which  the  Coml 
Rag  rejwses,  contains  a  far  more  varied  fauna,  though  singularly 
destitute  of  Brachiopoda.  The  fauna  of  the  Rag  here,  as  elsewhere, 
inclines  to  Kimmeridgian  types. 


9i  Corrcsjiondetux — Mr.  Alfml  R.  C.  SeUeyn. 

hs  tlie  object  iif  the  pftperwae  to  arrange  facts  rather  than  to  i 
propound  theoncis  the  ooncliiBiou  was  chiefly  occupied  tu  aniDiulag 
up  and  Gorroktin^  It  WM  Biiown  that,  since  tlie  lettdiag  feators  i 
of  the  rook  Iuus^tls  hetireen  the  Oxfuiil  ttnd  Kiniueridge  CU/a  14 
vantli/,  a  atnot  und  ngid  correlation  ia  all^gether  impoaaible.  Yet, 
in  Fijjitu  of  great  local  dificrenoee,  producing  in  many  places  i 
atnmgU  tnntnisted  liioiee,  there  are  certain  features  wluoh  may  ba 
deuiied  tairlv  (liiuiitunstio  of  the  several  diviaiona.  The  bank-liko 
chamtti'i  tit  711  lut  ot  theoe  beda  was  iaaisted  upon.  A  table  of  oom- 
paratnL  SLLttons  1 1  in  number,  affording  a  gnueralized  ide»  of  tin 
deMl  i]MiiLTit  wii'i  e\ljibited,  and  the  BtmtigrapbicAl  veriticatioiu  of 
inftn\  lI  tliest?  giMu  as  aeotioJis  drawu  to  acale,  in  the  body  of  tl» 


piipei 


G  o  E,EES  E'oasrnDEi^CE . 


oaiGIM  OF  LAKE-BASINS. 
Sill, — In  reading  the  correspondence  and  remarks  on  the  ori^n  of 
Lake-basins  in  Diu  November  Number  of  the  Gkoloqical  MAOAziita, 
it  bns  occurrei!  to  nie  that  the  glacial  origin  of  theee  baains  uuiy  b» 
explained  without  siipjKwiQg  the  ioe  to  have  scooped  them  oat  of 
solid  nicks  such  n 


idea  by  a  study  uT  tliu 
position  of  met;  '"   ■■■'■'  in  - 
Similar  facUi.i.iv  !     ■  ■■  . 
Ill  these  rcgii'-'-    \      ■   i 


ijui'ctt^d  u-irli  til,-,  d.^or-ra- 
i-^— Australia  and  Brazil. 
,  I  ':irolina,  Georgia,  etc. 
■  II  glaciated,  the  surfaces 
i.if  ijuite  soft  decomposed 
1   that   this   decern  lias  it  ion 
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i-lake  harrien  is  a  oontiniiation  of  that  of  the  mounda,  and  not 
perindooed.  In  the  above  district  most  of  the  eskers  oocur  at  a 
stance  from  river-valleys;  often  where  there  are  no  streams  of 
iter ;  and  sometimes  on  the  summits  of  hills.  Their  magnitude 
Baching  150  feet  in  height)  in  Shropshire;  the  breadth  of  the 
rriers,  and  the  depth  and  si2se  of  the  inclosed  lakes  (not  to 
ontion  the  frequent  total  absence  of  streams  of  water)  clearly  show 
at  their  forms  were  left  by  the  agency  that  piled  them  up,  or 
inuded  them  before  their  emeigence  from  the  sea.  So  far  as  I 
a  aware,  all  English  and  Irish  geologists  believe  that  their 
Tvilinear  shape  is  not  owing  to  atmospheric  action.  [See  Mem.  of 
ish  GeoL  Survey,  98,  »9,  108,  109,  117, 118.] 
In  answer  to  Mr.  Mellard  Keade  I  have  only  to  say  that  I  do  not 
gard  the  drifts  in  the  neighbourhood  of  Liverpool  as  good  repre- 
ntations  of  the  general  succession  one  may  trace  from  Carlisle  to 
lurch  Stretton  in  Shropshire.  Long  sea-coast  and  railway  sections 
tween  these  places  (over  a  distance  of  about  150  miles)  show 
persistency  in  the  relative  positions  of  the  three  drifts,  or  of  two 
them  where  only  two  are  present  The  clay  left  by  the  sea 
ishing  the  sand  and  stones  out  of  the  Boulder-clay  would  not  form 
Boutder'day  somewhere  else  on  the  same  horizon,  but  would  give 
le  to  such  a  stoneless  clay  as  we  frequently  find  imbedded  in  the 
-eat  middle  sand  and  gravel  formation.^  D.  Magkimtosh. 


THE  TROPICAL  FORESTS  OF  HAMPSHIRE. 

Sib, — In  Mr.  Gardner's  lecture  "On  the  Tropical  Forests  of 
ampshire,"  in  your  January  Number,  he  is  reported  as  ofifering 
ro  suggestions  in  explanation  of  the  occurreuce  of  the  remains 
'  a  temperate  climate  flora  intermingled  with  that  of  a  tropical  one 
.  the  Lower  Bagshot  of  Hampshire.  One  of  these  is  an  oscilla- 
3n  of  climate  which  for  a  time  left  survivors  of  tlie  previous  flora 
Qgering  beside  the  new  growth  introduced  by  a  change  of  climate, 
id  the  other  the  existence  of  a  mean  annual  temperature  which 
)rmitted  the  growth  of  either  class  of  vegetation  side  by  side. 
As  I  believe  both  suggestions  to  be  remote  from  the  truth,  and  as 
e  first  of  them  is  contrary  to  the  general  evidence  afforded  by  the 
limal*  remains  of  the  Eocene  period  in  England,  which  appear  to 
e  to  ofier  the  strongest  evidence  against  the  existence  of  a  glacial 
imate  in  Europe  during  any  part  of  that  period,  perhaps  you  wiU 
low  me  to  ofifer  what  I  believe  to  be  the  true  explanation. 
The  remains  upon  which  the  determinations  of  this  flora  have 
)en  based  are  drifted,  and  not  those  of  a  bed  in  situ  like  the  Coal- 

^  For  full  and  accurate  information  concemine  the  Post-tertiary  deposits  of  this 
iQBtry  I  would  recommend  Mr.  H.  B.  Woodward's  Geolo^  of  England  and 
Tales.  It  is  the  only  geological  work  in  which  an  account  of  these  deposits  has 
ien  thoroughly  broognt  np  to  the  present  state  of  discovery.  Having  gone  over  the 
retter  part  oi  the  gronnd  descrihed  in  Mr.  Woodward's  work,  and  having  pre- 
mily  written  a  work  called  "  Scenery  of  England  and  Wales,"  I  may  be  pardoned 
ir  stating  that  it  exhibits  more  evident  signs  of  great  labour  and  care  than  any 
eKdogiMJ  book  I  have  read. — D.  M. 


96  Cm-reKpondeiKt — Mr.  Searlcs  V.  Woo^,jun. 

Ei'fiiiis,  aiii]  tlin  whiile  of  tUe  HAnipnliire  Eocene  is  oonnooUd  wUIi 
tlio  ilulta  of  a  pv;il  river  which  persisted  throughout  the  acotmiula- 
to  t!  (1  Jb,  wh  ch  aggregate  to  upwards  ot  200  fast  In 

tl     1    e         1  r  eTid«Qtly  flowed  from  the  west,  thniogb  ■ 

d     r    t     f  n  low  gro  nd  had  a  tropioal  cUmate ;   but  like 

Bc  1  of  ths  preeent  day,  such  ae  the  Brahmapntn. 

tl  o  M  nges    etc      t   was  probably  fed   by  tributarie* 

fl    V  a  ntam  regiou  Bupptirting  zones  of  vegciatinn  o( 

W     ]  1      rnpioal  tl  the  Arctic,  if  during  the  Ekicen©  period 

vc^  1      B    he  preacnt  Arolio  bad  oome  into  existence,  of 

wh    h  la        ta  yet  no  evidence.     Torrential  floods  may  have 

ew  p      h    r  n  f  vegetation  from  the  temperate  zones  of  this 

region  mtu  triljiiliirieit  tJiat  conveyed  it  into  the  maiii  river  before  ii 
was  ilucnyed  or  wnler-logged,  where  it  became  iatenuinglcil  wili 
tlio  reiiKiins  of  vcgotatioo  which  grew  in  the  tropical  low  grouad 
Bkirtiiii^  tim  main  Mlream,  so  that  both  sank  together  Into  tlie  same 
mail  iind  silt, 

Assiiiiiiij;^'.  ihorofiiro,  that  tlie  det«nninatioDs  of  these  extra-tropicd 
foriiis    III'  vc^ri.'l.iniiii    are  well    foimded,  we  have   in    the   aiao  in 
qiio>ii'>ii   '<"   '  I 'li'  iii^v  in  disooveriDg  tlu»e  elevated  regions  fnnn  i 
wbicli    ■  .     '  .-I'fitod,  such  forma  may  have  come,  for  Mr. 

JlnM.  r.    ■  ■  'li-irl.  ,l,nirn.  Cieul.  Soc,"  vol.  x:<V  p.  L'JUl   tlu 

aiiuiciiL  '...:.vui...  ..t  Mull,  whicl.  lios  iilioiit  -100  milet^  N.N.W,  cf 
Urtmpihii'f,  liiis  slmwu  tliat  it  wns  in  full  activity  during  tki' 
Eoci'JK-  unil  Miocene  periods,  and  possessed  a  diiiietision  much 
exceeding  thiit  of  Etna  «t  the  pi'csent  dsy ;  and  that,  though  from 
dcDiulatioii  mid  coUnpses,  the  gi'enfpst  elevation  to  which  any  of  its 
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L — Etidkhos  Afforded  bt  the  Planet  Maes   on  the  Subject 

OF  Glacial  Periods. 

Bj  Edwaxd  Gabpsntbb,  M.A.,  late  Fellow  of  Trinity  Hall,  Cambridge. 

HAYING  read  with  much  interest  Mr.  Murphy's  papers  in  the 
Joamal  of  the  Gkological  Society  for  1869  (p.  360)  and  for 
1876  (p.  400),  in  which  he  maintains  that  at  the  time  of  maximum 
excentricity  of  the  Earth's  orbit  that  hemisphere  would  be  glaciated 
which  had  its  winter  in  aphelion,  as  against  Mr.  OroU,  whose  theory 
18  that  the  glaciated  hemisphere  would  be  that  which  had  its  summer 
in  aphelion :  it  has  occurred  to  me  that  1  have  never  seen,  in  this 
discussion,  any  reference  to  the  case  of  the  planet  Mars. 

It  may  be  worth  while,  therefore,  in  case  no  one  has  done  so 
before,  to  point  out  how  remarkable  a  parallel  may  be  drawn 
between  the  state  of  affairs  on  that  planet  and  ou  the  earth,  and  how 
remarkable  a  confirmation  the  relative  dimensions  of  the  snow-caps 
on  that  planet  appear  to  give  of  Mr.  Murphy's  view  of  the  matter. 

The  excentricity  of  the  orbit  of  the  planet  Mars  is,  as  is  well 
known,  considerably  greater  than  that  of  the  earth's  orbit.  It  is 
given  by  Sir  John  Herschel,  in  his  Outlines  of  Astronomy,  as 
iH)93112o.  Leverrier's  estimate  of  the  maximum  excentricity  of  the 
earth's  orbit,  as  quoted  by  Mr.  Croll,  is  0-07075.  The  excentricity 
of  Mars'  orbit  is  therefore  somewhat  greater  than  the  maximum 
excentricity  of  that  of  the  earth.  Again,  the  inclination  of  the  axis 
of  Mars  to  the  perpendicular  to  the  plane  of  its  orbit  is  2:5°  51', 
which  in  a  similar  way  is  somewhat  greater  than  the  inclination  of 
the  earth's  axis  to  the  plane  of  the  ecliptic,  which  is  23^  27'  21".  So 
that  in  both  respects  Mars  offers  a  slight  exaggeration  of  the 
conditions  supposed  to  pi*evail  in  the  case  of  the  earth  at  the  time 
under  consideration.  But  these  coincidences  would  be  of  no  service 
to  OS,  were  they  not  supplemented  by  a  third,  most  fortunate, 
coincidence.  The  axis  of  Mars,  namely,  is  inclined  at  the  present 
time  towards  one  extremity  of  the  axis  of  its  orbit,  and  indeed 
towards  the  perihelion  point ;  so  that  as  on  the  earth  at  the  present 
iime  the  winter  solstice  of  the  Noitheru  hemisphere  coincides  with 
perihelion,  its  summer  solstice  with  aphelion,  and  the  winter  solstice 
of  the  Southern  hemisphere  coincides  with  ai)holion,  the  summer 
loktice  with  perihelion.  To  show  how  nearly  this  is  the  case  it 
will  be  sufficient  to  quote  the  lengths  of  the  seasons.  They  are 
given  as  follows  (from  elements  of  the  planet  obtained  \3y  'Ma^^Aftt 
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and  Sir  William  Herachel)  by  Mr.  Breen,  of  the  Cambridge  Obser- 
vatory.    For  the  Northern  hemisphere : — 

Spring  (Ternal  equinox  to  summer  solstice)...  191 1  Man'  Days. 

Summer      181         „        „ 

Harvest    149)       „        „ 

Winter    147        „        „ 

Thus  we  have  on  Mars  at  the  present  time  all  the  oonditions 
prevailing  wliich  the  case  under  consideration  requires — only  ex- 
aggerated :  the  axial  inclination  is  slightly  greater,  the  excentricity 
is  greater,  and  the  year  is  longer,  687  of  our  days  instead  of  365. 
Yet  the  exaggeration,  at  any  rate  in  the  cases  of  the  axial  inclina- 
tion and  excentricity,  is  by  no  means  so  great  as  to  destroy  the 
comparison  :  on  the  contrary,  it  might  be  expected  just  to  emphasize 
it     One  more  point  before  proceeding  to  actual  observations  of  the 
polar  snows  of  Mars  ;  the  distribution  of  land  and  sea  on  that  planet 
is  far  more  equable  than  on  the  earth,  indeed  there  is  a  remarkable 
symmetry  or  likeness  between  the  two  hemispheres ;  at  neither  pole 
is  there,  apparently,  an  ocean  of  great  extent,  and,  as  is  well  known, 
land  predominates  largely  over  sea  throughout,  the  two  being  in  an 
estimated  proportion  of  three  or  four  to  one.     Thus,  as  far  as  we 
can  at  all  judge,  geographical  causes  of  difference  between  the  poles 
seem  to  bo  next  to  eliminated  on  Mars,  and  we  are  left  to  observe 
the  results  of  the  purely  astronomical  influences. 

And  they  are  remarkable.  I  am  not,  unfortunately,  able  at  the 
present  moment  to  lay  my  hand  on  the  latest  investigations  into  this 
subject :  but  1  hope  that  the  present  paper  may  be  the  means  of 
drawing  more  information  from  others.  However,  the  main  facts 
are  clear  enough.  There  is  no  great  disproportion  between  the 
snow-caps  of  Mars ;  on  the  whole  perhaps  they  are  not  far  from 
equal.  But  there  is  a  marked  difference  between  their  fluctuations: 
the  Northern  cap  in  fact  changes  slowly  and  little,  the  Southern 
fluctuates  rapidly  and  much.  The  following  facts  will  give  an  idea 
of  their  range  and  variation.  In  the  year  1830  a  favourable  oppor- 
tunity occurred  for  viewing  the  Southern  cap ;  it  was  during  the 
sunnner-tinie  of  that  Pole,  and  the  following  measurements  were 
taken,  the  times  of  year  corresponding  to  our  summer  months  being 
given  (Breen's  Planetary  Worlds,  p.  177) : — 


June  16     Diameter  of  spot    12**  46' 

23  „  „         11-30' 

26  „  „  7""  iO' 


July    7     Diameter  of  spot    6' 20* 

9  „  „        6'  46- 

19  „  ..        8-    r 


Thus  at  a  time  of  year  corresponding  to  our  July  9  the  snow-cap 
fell  to  a  minimum,  and  was  only  5^  46'  broad.  It  will  be  seen,  too, 
that  it  fell  off  rapidly,  having  been  more  than  twice  as  broad  a 
month  before.  This  would  lead  us  to  expect  a  large  extent  in 
winter-time  :  and  we  find  that  at  the  opposition  of  1837  a  good  part 
of  the  Southern  snow-cap  was  Ecen,  although  the  South  Pole  was 
then  turned  away  from  the  earth  (and  of  course  from  the  sun  too) ; 
in  fact  it  was  estimated  that  it  extended  to  a  distance  of  3o®  from 
the  Pole,  though  this  seems  to  have  been  an  exceptional  occasion. 

In  the  year  1837  similar  measurements  were  taken  of  the  mini- 
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he  Northern  snow-cap,  with  the  following  results,  the  times 
3ing  again  given  in  terms  of  our  summer  months : — 


Diameter  of  spot    31**  24' 
„       28-    0' 


»>  »> 


22'  54' 


July    4  Diameter  of  spot    18'' 24' 
12  „  „       16' 20' 

20  „  „      ir    0' 


ive  remark  that  the  numbers  concerned  are  much  larger 
>re  than  double,  in  fact — what  they  are  for  the*  South  Pole ; 
also  remark  a  sloujer  falling  off  towards  the  minimum, 
more  difi&culty  about  the  maximum.  In  the  winter  season 
of  the  spots,  owing  probably  to  the  state  of  the  atmosphere, 
fined ;  and,  as  already  hinted,  when  Mars  is  in  opposition, 
>fore  most  favourably  situated  for  observation,  the  wintry 
limed  away  from  us,  and  therefore  at  no  time  is  there  any 
ity  of  directly  measuring  the  diameter  of  a  snow-cap  at  its 
I.  It  is  however  certain,  as  mentioned  above,  that  the 
I  of  the  Northern  cap  is  nothing  extreme,  and  in  all 
;v  it  is  not  far  different  from  that  of  the  Southern, 
ily,  to  one  who  looks  at  the^  more  general  aspects  of  the 
nothing  can  be  more  obviously  likely  than  that  that  should 
rhich  does  happen  at  the  two  poles  of  Mars :  namely  that 
B  which  endures  the  extremely  hot  summer  and  the  ex- 
x)ld  winter  should  present  the  extreme  of  fluctuation  in  its 
,  and  that  that  pole  which  endures  the  moderately  hot  sum- 
:he  moderately  cold  winter  should  present  a  kind  of  modera- 
lean  in  the  fluctuation  of  its  snow-cap.  And  I  believe  that 
jment  of  the  behaviour  of  these  caps  with  the  more  obvious 
the  behaviour  of  snow  under  such  circumstances  was  one 
ings  which  confirmed  Maedler  in  the  idea  (for  which  con- 
is  now  no  longer  needed)  that  these  white  patches  were 
low. 

•8,  then,  gives  us,  in  the  variation  of  its  polar  snows,  a  true 
astronomical  causes,  it  gives  us  a  singular  confirmation  of 
phy*s  theory ;  for,  though  the  results  may  be  exaggerated 
planet,  yet  for  that  very  reason  they  point  out  the  more 
r  in  whet  direction  we  should  look  for  corresponding  results 
vn  planet.  They  tell  us,  in  fact,  in  unmistakable  language, 
)r  things  equal,  our  Northern  hemisphere  would  now  be  the 
one.  For  though  I  have  not  spoken  of  tVe-caps — since  we 
such  good  reason  for  speaking  of  ice  as  of  snow  on  Mars — 
ne  would  I  suppose  doubt  that,  as  Mr.  Murphy  points  out, 
3  of  glaciation  must  lie  within  the  summer  range  of  snow, 
therefore  the  glaciated  hemisphere  must  be  that  in  which 
Qer  range  is  largest,  and  the  fluctuations  (probably)  least. 
7er,  other  things  are  not  equal ;  and  the  able  way  in  which 
rphy  points  out  that  the  fact  that  "  the  climate  of  the 
.  hemisphere  is  on  the  whole  maritime,  and  that  of  the 
I  continental,"  counteracts  the  effects  otherwise  natural  to  the 
ispheres — that  the  geographical  causes  in  fact  overpower  the 
\ci\\  ones — must  command  the  assent  of  most  readers, 
is  one  discrepancy,  however,  in  Mr.  Murphy's  second  paper; 
parent  one,  probably  due  to  a  misapprehension  on.  my  "^^t^i^ 
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Admitting,  ia  agreement  with  Mr.  Croll,  the  existence  of 
Southern  ice-cap  on  the  earth  at  the  present  day,  which  he  ascril 
to  geographical  causes,  while  Mr.  Croll  ascrihes  it  to  astronomic 
he  still  seems  to  concur  with  Mr.  Croll  in  ascrihing  the  great  extc 
of  the  Southern  oceans  to  the  action  of  this  ice-cap.  For  he  sa^ 
*'  The  ice-cap,  as  Mr.  Croll  has  elahorately  shown,  will,  by  displaci 
the  earth's  centre  of  gravity,  draw  a  greater  share  of  ocean  water 
the  glaciated  hemisphere."  Now  it  is  obviously  impossible  to  ascri 
the  oceanic  character  of  our  Southern  hemisphere  to  the  ice-cap, 
the  ice-cap  is  itself  due  to  the  ocean  climate ;  so  obviously  inde 
that  it  is  impossible  to  believe  Mr.  Murphy  intended  to  do  so :  yet 
is  difficult  to  read  his  words  otherwise. 

But  there  are  difficulties  every  way.  For  if  our  Southern  oce£ 
are  not  mainly  due  to  the  ice-cap,  it  has  to  be  considered  that  tb 
may  be  due  to  a  permanent  internal  displacement  of  the  cen 
of  gravity  from  the  centre  of  figure  of  the  earth — especially  if  i 
William  Thomson  is  correct  in  supposing  the  interior  of  the  earth 
be  solid.  And  if  this  is  the  case,  then  the  tendency  of  water 
collect  in  the  Southern  hemisphere  will  be  a  permanent  one,  a 
will  always  militate  a  good  deal  against  the  glaciation  of  t 
Northern  hemisphere. 

Certainly  if  the  choice  lay  between  supposing  the  great  abundai 
of  water  in  the  Southern  hemisphere  to  be  due  to  a  displacemeut 
the  earth's  centre  of  gravity  by  a  polar  ice-cap,  and  supposing  it  (3 
to  a  permanent  internal  displacement,  I  should  prefer  the  lat 
supposition.  And  for  this  reason.  The  probability  seems  immense 
strong  that,  in  the  process  of  formation  of  a  body  like  the  eai 
(whatever  that  process  might  be),  tbe  centre  of  gravity  would  i 
take  the  exact  position  of  the  centre  of  figure — immensely  strong 
than  that  it  would.  If  the  centre  of  gravity,  however,  were  not 
the  centre  of  figure,  it  would  necessarily  lie'  in  the  axis  of  rotatio 
in  fact,  the  axis  of  rotation  would  not  be  permanent  unless  it  pass 
through  the  centre  of  gravity.  Thus  the  centre  of  gravity  woi 
necessarily  come  to  lie  towards  one  or  other  of  the  poles ;  and  tL 
would  result  a  necessary,  though  indirect,  connexion  between  t 
pole  and  the  preponderance  of  water  in  its  neighbourhood.^ 


II. — NojiCE  OF  THE  Discovery  of   Upper   Devonian    Fossils 

THE  Shales  of  Torbay.* 

By  John  Edward  Lee,  F.G.S.,  etc. 

(PLATE  V.) 

IN  the  present  state  of  our  knowledge  of  the  Devonian  formati( 
it  seems  highly  desirable,  if  possible,  to  correlate  any  of  1 
beds  in  Devonshire  with  those  of   this  wide-spread  formation 
the  Continent. 

*  All  excellent  article  on  the  planet  Mars  appeared  in  the  Quarterly  Journal 
Science,  vol.  ii.  lor  1865,  p.  369,  irom  the  pen  ol  the  lat<i  Prof.  John  Phillips,  M. 
F.K.S.,  w]u)se  name  is  still  dear  to  many  of  our  geological  readers. — Edit.  Geol.  M. 

*  Tilt'  Editor  expressei^  his  regret  that  he  has  unwillingly  detained  this  Not 
"without  publication  for  several  months,  the  plate  not  ha>'uig  been  executed. — \ 

Geol.  Mag. 
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Though,  the  following  Botioe  may  be  veiy  soanty,  yM;  sverj  well- 
>nnded  attempt  to  oorrelate  the  beds  palseontologioally  is  worth 
>mothing  ;  and  under  this  impression  it  may  be  desirable  to  place 
3  record  the  following  facts. 

All  the  old  geological  maps  of  the  Torbay  district  colour  a  portion 
'  the  ground  near  the  middle  of  the  bay  as  Old  Red  Sandstone.  Dr. 
oil,  in  his  amended  map  of  1868  (Quarterly  Journal,  Nov.  1S68), 
\-itle8  this  "Old  Bed  "  into  two  parts — the  "Lower  South  Devop-** 
the  slates,  etc.,  under  the  middle  limestone,  and  the  "  Dpper  South 
?  von  "  or  those  above  it ;  and  he  makes  the  first  or  the  Lower  South 
?von  (of  which  the  Mudstone  shales  are  a  type)  to  touch  the  shore 
ar  or  in  Saltern  Cove.  These  red  shales,  however,  are  tilted  up 
rather  a  sharp  angle,  and  are  covered  unconformably  by  the  nearly 
rizontal  beds  of  Exeter  conglomerate,  so  that  this  fact  alone 
n<lers  it  very  improbable  that  they  are  the  same  as  the  Mudstone 
ales,  and  the  following  evidence  from  fossils  seems  to  confirm  this. 
For  some  time  Ooniatites  have  been  known  to  have  been  found 
re,  but  they  are  exceedingly  local  ;^  in  fact,  so  much  so  that, 
•twithstanding  repeated  seaTOhes,  I  never  could  discover  them  till 
y  friend,  Capt  Bedford,  RN.,  of  Paignton,  and  a  young  geologist, 
friend  of  his,  directed  me  where  to  look.  The  space  where  they 
e  found  appears  very  limited,  but  still  we  soon  secured  a  number 

small  Ooniatites  and  a  few  other  shells.  From  the  very  first  the 
tpearance  of  these  Gk>niatites  reminded  me  strongly  of  those 
(ind  in  such  abundance  in  the  well-known  beds  of  shale  at 
jlesheim  in  the  Eifel,  where  a  friend  and  I  had  worked  in 
'7;>,  and  where,  in  the  course  of  a  few  hours,  we  were  fortunate 
louo^h  to  secure  a  large  number.  It  need  hardly  be  said  with  what 
eiisure  we  discovered  at  Saltern  the  well-known  minute  shell 
irdium  palnmttum,  almost,  if  not  entirely,  characteristic  of  the 
erman  shale  at  Biidesheim,  and  this  discovery  was  followed  by 
hers,  so  that,  before  the  day  was  finished,  we  obtained  from  this 
ry  limited  locality  some  eight  or  ten  species  apparently  identical 
itli  those  found  at  Biidesheim.  I  have  determuied  the  following 
ecies  as  occurring  at  both  places.'     (See  Plate  V.) 


thtteerat  Sehlotheimij  Queiut. 
niatites  auriSf  Quenst. 

retrorsus,  Quenst. 

AusavetttiSf  Stein. 

prumiensis,  Stein. 


Goniatitet  OeroUteimu,  Stein. 
—^——'  primordialia,  Quenst. 
sp.  (near  to  aurit). 


Ptmrotomaria  turbinea^  Stein. 
Cardimn  palmatum. 

These  facts  appear  to  me  of  great  interest,  and  though  I  dare  not 
y  that  the  occurrence  of  these  eight  or  ten  species  in  the  two 
^1litie8  absolutely  identify  the  beds  of  Saltern  Cove  with  those  of 
idesheira,  yet  the  evidence  goes  a  long  way  in  this  direction,  and  a 
rther  close  investigation  is  highly  desirable. 

'  In  order  to  indicate  the  place  more  clearly,  it  may  be  well  to  state  that  Saltern 
ve  consists  of  a  larger  bay  to  the  south  and  a  very  small  one  to  the  north.  The 
xe  where  these  fossils  are  found  is  to  the  north  of  the  extreme  point  of  the 
idland  dividing  these  two  bays. 

^  Mr.  Henry  Woodward,  who  has  examined  these  specimens  and  compared  them 
^  those  from  Biidesheim,  concurs  in  these  determinations. 


•  • , 
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•^ 


The  GrermaD*<?bvernment  geologists  consider  the  Biidesheim  beds 
as  Upper  p5?vpnian.  If  they  are  right,  is  it  not  probable  thftt  we 
should  Uft. .correct  in  dropping  the  term  "Upper  South  Devon/*  and 
simply  <ifltf Ag  these  beds  •*  Upper  Devonian  "  ? 

It  nmy*be  well  to  add  that  the  same  beds  a  little  to  the  northward, 

at  the  extreme  south  end  of  Goodrington  Sands,  have  yielded  several 

speciineos   of  Pleurodictyum   problematicum  and  sections   of  large 

£Lrhij]iidal  stems.     There  are  also  many  indefinite  markings  in  the 

.  'r^iBandy  shale  bearing  a  great  resemblance  to  vegetable  remains. 

•-•;••  EXPLANATION  OF  PLATE  V. 

From  Saltkrn  Cove.  I  Fbom  Budbsubix. 


Fio.  L  GimiatittM  aut-i*,  Qaenst. 
3.  M        rttrorttu,  Quenst. 

6.  f,        Au$avensi»,  Stein. 

7.  99       primordialit,  Quenst. 
(nat.  size.) 

8.  M        Oerol%teiMu*^  Stein. 

9.  „        prwHi$H»i9y  Stein. 
10.  «,  h,  e,  Orthoerrat  Sehlotheimiy 

Quenst.  I  {^^ifraimiiffiM  nat.  size,  except  Fig.  7.) 


Fio.  2a,  2b.  Ooniutitea  mitrit,  Quenst. 
4.  „        retrornu,  Quenst. 

■6.  „        AutavetuiSyStem. 

11.   a,    bf    Orthoeeras    Scklotheimif 
Quenst. 

„    13.  Pleuroiomoria  turbinea^  Stein. 
„    16.  Cardium  palmaium. 


»> 
It 
ft 


12.  Pleurottnuria  turbinea,  Stein. 
14.  Mytilm  priscua.  Stein. 

16.  Cardium  palmatum. 

17.  o^b^  c,  Crinoidal  stems. 


III. — Oar  THE  Pkrtoratb  Character  of  ths  Genus  Wsbbika,  with  a 
NoncB  OP  Two  N«w  Species,  W.  ljsvis  and  W.  tubeeculata, 
TROM  THE  Cambridge  Greensand. 

By  W.  J.  SoLLAs,  B.A.,  F.G.8. 
(PLATE  VI.) 

THE  well-known  genus  Trochammina  was  instituted  in  1859  *  by 
Messrs.  Parker  and  Jones  as  a  sub-genns  for  tbe  reception  of 
an  arenaceous  foraminifer,  tbe  Botalia  (NautHiu)  inflata  of  Montagu. 

Subsequent  researches  led  these  observers  in  the  following  year" 
to  elevate  it  to  the  rank  of  a  distinct  genus,  and  it  was  at  the  sauie 
time  made  to  embrace  the  important  series  of  forms  then  known  as 
Webbina  irregxdarxi,  D'Orb. 

In  the  incomplete  list  of  the  genera  of  Foraminifera  occurring  in 
the  Cambridge  Greensand,  furnished  by  me  to  the  Journal  of  the 
Geological  Society '  some  time  ago,  Trochammina  is  enumerated  as  a 
somewhat  abundant  form,  on  the  evidence  of  numerous  examples  of 
what  I  regarded  at  the  time  as  specimens  of  Webhina  irregularis,  and 
which  indeed  so  closely  resemble  this  species  in  external  form  and 
appearance,  as  to  have  led  Mr.  Brady  to  form  the  same  opinion  in 
regard  to  them  as  myself. 

It  did  not  occur  to  me  to  question  the  arenaceous  character  of  these 
forms,  till,  in  examining  a  thin  slice  of  Ventriculite,  preserved,  like 
niost  of  the  fossils  of  the  Cambridge  Greensand  bed,  in  calcic  phos- 
phate, I  observed  two  specimens  of  a  foraminifer  in  section  presenting 
^e  same  outline  as  tliat  of  the  supposed  W,  irregtdaris,  and  adherent, 

^  Ann.  and  Mag.  Kat.  Hist.,  1859,  vol.  iv.  p.  383. 
'  Quart.  Jonrn.  Crcol.  Soc.,  I860,  vol.  xvi.  p.  304. 
'  Quart.  Jounu  Geol.  Boc.  U7^>'7ol.u.^m.^.  SQa« 
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to  a  piece  of  ooprolite,  which  in  this  case,  however,  had 
imbedded  together  with  other  foreign  material  in  the  second- 
)sit  of  'ooprolite'  which  had  finally  filled  up  the  cloaca  of  the 
Both  tliese  sections  exhibited  in  an  unmiBtakable  manner 
ilation  of  the  shell- wall  which  distinguishes  the  Vitrea  per- 
This  observation  led  me  to  select  some  characteristic  examples 
ipposed  Webhina  irregidaris  for  the  purpose  of  grinding  them 
to  thin  slices ;  ejid  on  examining  the  sections  which  had  been 
spared,  the  same  tubulated  structure  was  clearly  revealed. 
-n  two  things  were  proved  :  first,  that  the  section  which  had 
t  observed  in  the  Ventriculite  is  that  of  one  of  the  Cambridge 
nd  Webbina,  and  thus  available  for  further  observations;  and 
id  most  important,  that  these  Webbina  are  truly  perforate 
fera. 

;tuming  now  to  a  closer  examination  of  the  external  cha- 
)f  these  forms,  one  finds  that  they  comprise  two  kinds,  one 
ited  with  irregularly  dispersed,  more  or  less  conical  tubercles, 
r  with  a  perfectly  smooth  plain  surface ;  the  latter  I  pro- 
3all  Webbina  Icevisy  and  the  former  W,  tvherculata, 
m\y  difiference  which  I  can  distinguish  between  W.  tenia 
*chammina  irregularis  exists  in  the  structure  of  their  shell- 
i'itreous  and  perforate  in  the  one,  imperforate  and  arenaceous 
other.  Since,  however,  this  distinction  (according  to  the 
y  received  classification)  is  a  fundamental  one,  it  requires 
cognition  in  our  nomenclature,  and  I  venture  to  suggest  that 
'^ebbina-like  forms  which  are  distinctly  arenstceous  should 
ive  any  other  generic  designation  than  that  of  Trochammina  ; 
lose  which  ore  perforate  should  possess  the  exclusive  right  to 
ny's  name  of  Webbina. 

Genus  Webbina.     (PI.  VI.) 

al  Characters, — Consisting  of  a  single  more  or  less  hemi- 
1,  ovoidal,  or  pyriform  chamber,  terminated  in  many  cases 
•rt  narrow  open  tubular  prolongation,  or  a  succession  of  such 
^  in  variable  number,  connected  together  in  a  moniliform 
arying  in  direction  of  growth,  and  increasing  in  size  from 
formed  onwards ;  always  adherent  to  some  foreign  body,  the 
)f  adherence  furnishing  the  immediate  boundary  wall  to  one 
the  cavity  of  the  test,  except  near  the  circumference  of  the 
•,  where  the  foreign  substance  is  overgrown  by  an  im- 
bly  thin  structureless  calcareous  film  or  lamina,  which  is 
n  section  *a8  the  fine  line  "/'*  in  Fig.  7.  White  and  opaque, 
especially  in  W,  Icevis  to  become  colourless  and  translucent ; 
smooth  or  tuberculate ;  size  variable,  the  smallest  chamber 
I  measuring  0*005,  and  the  largest  0-03  of  an  inch  in  length. 
e  Structure, — The  test  is  traversed  throughout,  in  a  direction 
o  its  surface,  by  very  fine  canaliculi,  less  than  0*00006  of  an 
liameter.  These  are  well  shown  in  Fig.  7,  and  on  a  larger 
;  540)  in  Fig.  8. 
s. — 1.  W.  IcBvis,  mihi,  Figs.  1,  2,  3.     Surface  of  test  smooth, 
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• 
not  tubercnlate. — FormaHony  Cambridge  GreensancL — Locality,  Cam- 
bridgeshire. 

2.  W.  tubercuJata,  mihi,  Figs.  4  to  9. — Surface  of  test  omamented  by 
a  number  of  tubercles  irregularly  dinpersed,  generally  hemispherical 
and  depressed,  resembling  the  rivet-heiEtds  on  an  iron  girder,  but  some- 
times conical  and  transversely  truncated,  average  diameter  O-OOllo", 
height  0*0008^^  In  some  specimens  the  tubercles  appear  to  be  larger 
and  more  numerous  than  in  others.  A  section  of  this  species,  includ- 
ing some  instructive  longitudinal  sections  of  its  tubercles,  is  repre- 
sented in  Fig.  7. 

From  an  examination  of  these  it  will  be  seen  that  each  of  the 
bosses  of  the  exterior  is  but  the  superficial  portion  of  a  structure 
which  enters  deeply  into  the  test  lliis  structure  has  the  form  of  a 
double  cone,  such  as  would  be  produced  by  two  cones  fusing  to- 
gether by  a  common  base,  the  outer  and  shorter  one  rising  into  a 
tubei-cle  on  the  exterior,  the  longer  and  inner  one  reaching  inwards^ 
nearly,  but  not  quite  to  the  interior  face  of  the  test.  The  longitudi- 
nal axis  of  this  skittle-shaped  column  or  doul>le  cone  is  occupied  by 
a  canal  about  0'0009  of  an  inch  in  diameter,  simple  and  cylindrical 
in  the  exterior  cone,  but  in  the  interior  one  constricted  and  dilated 
alternately  either  in  an  annular  or  spiral  fashion,  as  shown  by  the 
waved  outline  of  its  margins  in  section. 

Exteriorly  the  surface  of  the  test  is  slightly  raised  to  form  a 
mound  about  the  projecting  cone,  and  internally  the  substance  of  the 
test  immediately  imbe<lding  the  penetrating  cone  is  traversed  by 
tubuli  as  elsewhere,  which,  however,  stop  short  of  the  cone  itself. 

Formation^  Cambridge  Greensand.     Locality y  Cambridgeshire. 

RemarJcs. — As  the  contents  of  the  Cambridge  Greensand  bed  have 
been  subjected  to  A'ery  considerable  attrition,  it  is  just  barely  pos- 
sil^le  that  W.  Ifrvis  is  simply  TF.  tuberailataj  with  its  outer  tubercles 
worn  off.  The  smooth,  beautifully  finished  appearance  of  the  former 
species  does  not  lend  any  support  to  this  conjecture  however,  nor  do 
careful  sections  made  across  its  shell  exhibit  the  interior  ends  of  the 
tubercular  columns,  which  of  course  would  remain  after  the  exterior 
parts  had  been  worn  away.  The  conclusiveness  of  this  latter  critical 
test  is,  however,  somewhat  diminished  by  the  diflSculty  of  obtaining 
complete  and  perfect  slices  of  such  minute  objects  as  these  forms.  I 
have  not  been  able  myself  to  obtain  a  section  of  more  than  an  arc  of 
the  wall  of  W.  Ictvisy  and  the  completeness  of  the  section  of  IF.  iuher- 
culata  shown  in  Fig.  7  is  entirely  due  to  the  accident  of  its  having 
been  preserved  imbedded  in  hard  coprolite,  which  afforded  it  a  firm 
support  on  all  sides  in  the  process  of  grinding  down. 

Alliances, — The  minuteness  of  the  tubulation  would  appear  to  ally 
these  forms  to  the  Rotaline  scries  of  Foraminifera,  and  the  irregular 
method  of  their  growth  to  Phnorbniina,  to  the  coarse  perforations 
and  projecting  points  of  wliich  genus  the  perforated  columns  of 
Wehhina  tubercvlafa  present  indeed  a  certain  sort  of  resemblance ;  in 
external  form  there  is  an  absolute  identity  of  character  between  IF. 
Itcvis  and  Trochnmmina  irregnJarlfi. 

Summary, — That  the  tubulated  Webbina^  simulating  the  truly  arena- 
ceous Trochamminay  should  be  found  in  tolerable  abundance  in  the 
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Gunbridge  Oreensond,  is  a  singular  fact,  when  we  consider  that  the 
Bulimina  and  Textularia  of  this  deposit  are   usually  very  coarse 
arenaceous  examples  of  these  genera.    The  preceding  observations 
leave  no  doubt  however  as  to  the  existence  of  a  Foraminifer   so 
similar  externally  to  Troeliammina  irregularis,  as  to  be  superficially 
andistinguishable  from  it,  and  which  yet  possesses  a  purely  non- 
irenaceous   and  unmistakably   tubulated  test ;    and  thus  is  added 
another  example  to  the  already  existing  list  of  species  Vhich  may  be 
h'ke  one  another  in  all  else,  and  yet  differ  in  the  arenaceous  or  non- 
arenaceous  character  of  their  walls. 

Some  day,  perhaps,  the  barrier  between  the  arenaceous  and  non- 
arenaoeous  Foraminifera  may  be  broken  down  as  an  artificial  separa- 
tion of  closely-allied  forms,  but  on  this  point  I  may  not  say  more 
now,  lest  I  should  seem  to  be  making  premature  use  of  the  information 
about  to  be  published  by  Mr.  Carter,*  and  which  he  has  most  kindly 
famished  me  with  beforehand. 

EXPLANATION    OF    PLATE    VL 
FiOB.  1  to  3.     Wehbina  hevity  mihi. 

I.— OnUine  of  a  specimen  grown  around  the  comer  of  a  small  angular  fragment  of 

eoprolite.    e,  the  soud  angle  of  the  coprolite  (x  40V 
2.~0utline  of  a  specimen  consisting  of  three  chambers^  wnich  are  defined  from  one 

another  hj  slight  constrictions  merely  (x  40). 
3.— Outline  of  a  specimen  grown  over  the  curved  edge  of  a  minute  piece  of  cop- 

roUte  (x  40). 

Fios.  4  to  7  and  9.     TT.  tuherculata,  mihi. 

4. -Profile  outline  of  a  specimen  showing  the  tubercles,  ^  and  the  anterior  tubular 
prolongation,/;,  ciiding  in  the  open  mouth,  m  (x  40). 

•5.— TuDorcles  represented  in  plan  (x  140). 

6.— Tnbert'les  shown  in  elevation  from  a  lateral  view  (x  140). 

7.— Section  across  a  specimen  adherent  to  a  fragment  of  coprolite,  imbedded  in  a 
subsequent  deposit  of  coprolite  within  the  doJica  of  a  Veutriculite  (J',  mnm^ 
millrtrin).  t  and  t\  tubercles  ;  /,  thin  calcareous  lamina,  covering  over  a  part 
of  the  surface  of  adherence,  d  (x  104). 

S— Tabulated  wall  of  the  test  of  Wtbbina  (x  640). 

9. — Sinc^le  tubercular  column  of  W,  tuhereitlata  8ho^vn  in  longitudinal  section,  with 
the  adjacent  tubulated  walls  of  the  test,  r,  axial  canal  with  8im])l(;  outline 
exteriorly  and  undulating  in  the  inner  cone ;  ^,  outer  projecting  cone ;  », 
inner  part  of  the  column  ;  m,  mound  produced  by  accumulation  of  the  sub- 
stance of  the  test  about  the  projecting  cone  (x  640). 


rV. — Geological  and  Historical  Notes  on  the  Occurrence  of  a 
Fauna,  Chiefly  of  Permian  Affinities,  Associated  with  a 
Carboniferous  Flora  in  Gas-coal  in  the  Uppermost  Portion 
OF  the  Bohemian  Coal-strata.' 

By    Ottokar    Feistmantel,    M.D., 
Of  the  Geological  Survey  of  India. 

AS  Dr.  Anton  Fritsch  of  Prague  has  brouglit  the  relics  of  Permian 
animals  (Sauria  and  Fishes)  from  the  Gas-coal  of  Niirschan  * 
and  from  the  "  Schwarte,"  *  near  Rakonilz,*  before  the  Meeting  of 

^   ViHe  Ann.  and  Mag.  Nat.  Hist,  for  March. 

*  For  a  notice  of  the  Animal-remains  from  the  Gas-coal  of  Nyran  near  Pilsen  and 
Kounovfi  near  Kakonit/  see  Geol.  Mao.  1876,  Vol.  III.  Decade  II.  pp.  33-34. 

^  In  the  I*ilsen  Coal-basin,  S.W.  Bohemia. 

*  The  local  name  for  a  kind  of  Ga.s-coal. 

*  In  the  Kladno-Iiakonitz  Coal-basin,  N,W.  oi  Prague,  Bohemia. 
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ihe  British  Association  at  Glasgow  in  September  last,  it  will  certainly 
not  bo  without  interest,  to  give  some  geological  and  historical  notes 
on  this  most  important  occurrence,  and  I  may,  I  trust,  be  allowed 
to  do  80  in  the  Geological  Magazine. 

Tlie  question  whether  these  beds,  with  a  Fauna  of  Permian  aspect, 
but  occurring  with  a  Carboniferous  Flora,  are  to  be  taken  as  of 
Carboniferous  age,  or,  guided  by  the  animal  relics,  as  Permian,  or 
whether  they  should  be  considered  as  intermediate  between  the  two, 
occupied  the  greater  part  of  my  time  whilst  engaged  upon  the 
palfl&ontological  examination  of  the  Bohemian  Coal-fields. 

I  have  reported  several  times  on  this  subject,  and  I  constantly 
maintained  almost  the  same  opinion,  considering  these  Gkis-coals  first 
as  Lowest  Permian,  later  as  Passage-beds  between  the  Carboniferous 
and  Permian  formations;  but  as  all  my  reports  are  published  in 
German,  my  repeating  them  in  this  place  is  certainly  justified. 

As  the  animal-remains  in  the  Gas-coal  occurred  only  in  the 
above-mentioned  Coal-basins,^  I  will  especially  speak  of  them. 

My  chief  object  has  always  been  to  show  that  in  Bohemia  (and 
certainly  also  in  other  localities)  there  is  no  strict  boundary  between 
the  Carboniferous  and  Permian;  on  the  contrary,  that  these  formations 
are  in  very  close  connexion,  as  is  shown  in  the  association  of  a 
Flora  of  Carboniferous  character  with  animals  mostly  of  Permian 
character  in  the  above-mentioned  districts,  namely,  in  the  Gas-coals 
of  the  Pilsen-  and  Kladno-Rakonitz  basins,  which  formerly,  at  least 
to  a  great  extent,  were  considered  as  truly  Carboniferous,  but  now 
must  be  modified,  although  there  are  still  authors  who  assert  that 
the  Flora  alone  must  decide  the  age  of  these  strata. 

^.—GEOLOGICAL  AND  PAL^ONTOLOGICAL  NOTES. 
I. — General  Consideration  of  the  above-mentioned  Coal-basins. 

These  the  richest  Coal-deposits  in  Bohemia  can,  properly  speak- 
ing, be  considered  as  only  one  continuous  area,  as  they  are  in  no 
place  distinctly  interrupted ;  they  begin  in  the  south-west,*  in  the 
neigbbourbood  of  Dobrzan  and  Mantau,  and  extend  in  a  N.E.  direc- 
tion by  the  city  of  Pilsen  as  far  as  Plass,  where  generally  the  end  of 
the  Pilsen  basin  is  taken ;  but  quite  in  the  immediate  neighbour- 
hood, on  the  so-called  ''  Mlatzer  tanb,''  the  other  basin  begins  with 
a  narrow  band,  which  extends  across  Shelles,  Technitz,  Horzowitz, 
and  so  on  across  Hakonitz,  Eladno,  until  it  reaches  about  twenty 
English  miles  north  of  Prague  as  far  as  the  river  Elbe,  where  it 
apparently  ends. 

Both  these  basins  have  further  in  common :  a,  that  there  is  a 
Coal-bearing  portion,  with  Coal-seams  of  difierent  quality  and  thick- 
ness in  successive  order,  and,  6.  there  is  a  portion  of  Red  Sandstones 
without  Coal-seams,  or  at  least  without  productive  Coal-seams,  also 
in  successive  order. 

^  Some  of  the  same  geDera  and  species  also  occur  again  higher  in  the  true  Permian, 
in  N.£.  Bohemia,  Silesia,  Saxony,  the  Saarbriick  basin,  etc. 
*  See  Maps  of  the  Vienna  Geological  Institution. 
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Farthermore,  the  Coal-bearing  group  of  both  the  basins  contains 
two  portions,  a  lower  and  a  higher  one. 

The  lower  portion  is  truly  Carboniferous,  with  a  Carboniferous 
Flora  and  Fauna  (as  far  as  known),  and  contains  true  Coal  only. 

The  upper  portion  contains  in  both  districts,  besides  a  thinner 
Coal-seam,  still  another  stratum  of  Coal,  in  the  form  of  a  very 
bitominous  Coal  of  schistose  structure,  which  may  be  generally 
denoted  as  '*  Gas-coal "  or  ''  Gas-shale."  In  both  basins,  this  Gus-cocd 
contains  animal-remains  different  from  those  in  the  lower  portion  ; 
they  are,  on  the  contrary,  such  as  we  find  generally  in  the  Permian 
itiata.  The  Flora,  however,  which  occurs  partly  in  this  Gas-coal, 
bat  to  a  greater  extent  in  the  shale  above,  is  almost  throughout 
Garboniferous. 

This  stratum  is  therefore  in  both  basins  that  of  most  importance, 
as  indicating  the  passage  from  the  lower  and  truly  Carboniferous  beds, 
to  the  undoubted  Permian  formation. 

II. — Consideration  of  each  of  the  districts  specially. 

Here  only  the  objective  facts  are  given  as  observed  by  my- 
self and  others,  and  as  they  really  are  seen ;  from  these  it  will  be 
apparent  of  what  age  these  beds  should  be  considered. 

1.  The  Coal'hasin  of  Pilsen. 
a.  The  Ncrsohan  Gas-coal. 

This  is  the  great  Coal-basin  in  S.W.  Bohemia,  extending  gene- 
rally from  S.W.  to  N.K,  beginning,  as  I  mentioned,  at  Dobrzan  and 
Mantau,  and  spreading  as  far  as  Plass  to  the  N.E.,  including  especially 
the  localities  Lihn,  Blattnitz,  Wilkischen,  Steinoujezd,  Niirschan, 
Pilsen,  Tremoschna,  Dobraken,  etc.^ 

Here  the  Coal-seams  overlie  each  other,  as  is  seen  especially  in 
the  interior  of  the  basin,  where  first  an  upper  Coal-seam  must  be 
traversed  to  reach  the  lower  one;  this  is  especially  seen  in  the 
shafts  at  the  villages  Nurschan  and  Steinoujezd,  and  further  to- 
wards the  north  at  Tremoschna. 

In  the  shafts  W.  of  Niirschan  (as  Steinoujezd,  Lazarus,  Humboldt), 
the  upper  seam  is  reached  at  a  depth  of  60  to  115  metres  from  the 
surface ;  the  seam  itself  is  about  1  m.  6  dec.  m.  thick ;  immediately 
below  it  is  the  Niirschan  Gas-coai,  about  40  to  48  centimetres  thick ; 
then  follows  the  Lower  Coal-seam  about  20  to  30  metres  thick. 

In  the  immediate  neighbourhood  of  Nurschan  (station  of  the 
Western-Bohemian  Railway),  at  the  mines  of  Dr.  Pankraz,  the 
upper  seam  is  reached  at  a  depth  of  24  to  64  metres,  and  again  im- 
mediately below,  without  any  intervening  stratum,  is  the  Niirschan 
Gas-coaL  This  seam  is  therefore  no  doubt  identical  in  all  the 
shafts  mentioned  in  the  neighbourhood  of  Niirschan. 

But  the  same  Coal-seam  with  the  Nurschan  Gas-coal  we  find  after- 
wards more  towards  the  north — about  eight  English  miles  North  of 
Pilsen  at  Tremoschna,  where,  in  the  two  western  shafts,  "  Barbara  " 

*  All  these  localities  are  well  seen  on  the  Geological  Maps  issued  by  the  k.  k. 
Geologischen  Eeichsanstalt. 
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and  "  Prooopi/'  of  that  region,  the  upper  seam  is  reached  at  a  depth 
of  40  metres,  and  is  again  underlain  by  the  Gras-coal,  of  about  32  to 
37  cm.  thickness — no  doubt  this  seam  is  the  same  as  that  of  Niir- 
schan.  Beyond  the  places  mentioned,  the  Niirschan  Gras-ooal  does 
not  occur ;  at  least,  not  so  doTeloped  :  this  is  the  case  generally  also 
with  the  upper  seam. 

I  have  discussed  these  relations  in  yarious  papers,  either  wholly 
or  partly.^  For  the  extension  of  this  Gras-coal  of  Niirschan,  see  espe- 
cially my  paper  in  the  Jahrbuch  d.  k.  k.  Qeol.  BeichsansL  1872, 
p.  289  et  seq.,  where  a  little  sketch-map  illustrates  the  relations. 

The  most  interesting  part  is,  that  this  Gas-coal,  as  I  have  shown, 
everywhere  immediately  underlies  the  upper  Coal-seam,  which  is 
at  an  average  distance  from  the  lower  Coal-seam  of  about  20  to  30 
mdtres. 

While  the  lower  seam,  the  shales,  and  the  Clay-Ironstone  nodules 
in  tliem,  contain  remains  only  of  a  truly  Carboniferous  Flora,  as 
Calamites,  Equisetttea,  true  Carboniferous  Ferns,  Lycopodiacem, 
Sigillaria;  the  Niirschan  Gas-coal  contains  a  mixed  Fauna  and 
Flora,  which  are  the  chief  points  of  observation. 

Animal-remainn  in  the  Gaa-coaL 

These  animal-remains  consist  especially  of  Saurian^,  Fishes,  and 
CniRtaceous  animals. 

Dr.  Anton  Fritsch  has  already  given  some  preliminary  notes  *  on 
these  interesting  animals,  and  I  myself  repeated  them  and  gave  some 
figures,  especially  of  Dtpfodus,  in  my  short  paper  in  the  Zeitschrift 
d.  D.  Geol.  Gesellsch.  1870,  pi.  xviii 

In  the  meantime  Dr.  Fritsch  has  submitted  this  subject  to  a 
thorough  examination,  and  communicated  his  results  in  another 
short  paper,^  and  lately  before  the  meeting  of  the  British  Association 
at  Glasgow.* 

His  examinations  yielded,  besides  several  new  forms,  also  the 
well-known  Xeuaeanthna,  of  which  one  is  certainly  X,  Decheni,  Beyr., 
one  of  the  best  Permian  species ;  Jcanthodes,  one  of  which  is  very 
close  to  A.  gracilis y 'Rom. ;  Palaoniscits,  Uronectes  (Gampsonyx) ,  a 
JuhiSf  which  is  very  close  to  living  forms,  etc. 

From  the  fact  that  the  Niirschan  Gas-coal  contains  these  animal- 
remains,  of  which  there  is  no  trace  in  the  lower  seam,  this  upper 
Coal-seam  is  quite  well  marked  and  separated  from  that  portion, 
though  the  Flora  which  occurs  in  the  Gas-coal  and  in  the  shale 

*  Ueber  Pflanzenreste  aus  dem  Niirechanor  Gasechiefer,.  etc  ,  Sitzgb.  d.  k.  hohm. 
Oesell.  d.  Wisstiwch.  1870. — Beitrag  zur  Kenntniss  des  Niirschaner  Gasschiefers, 
etc.,  Jahrb.  d.  k.  k.  Geol.  Reichsanst  Wien,  1872. — Verhaltniss  der  Perm,  zur 
Steinkohlenfonn.  in  Bohraen,  etc.,  F/'id.  1873. — XJcber  den  Xiirschaner  Gasschiefer, 
etc.,  Zeitschr.  d.  D.  Geol.  Gesellsch.  Berlin,  1873.  With  Plate.  —  Studien  in 
bohm.  Kohlenj^ebirge,  Abb.  d.  R.  bobm.  Gesellsch.  d.  Wissensch.  1874.. — Versteine- 
rungen  der  bobm.  Kohlenablagerungen,  1874-6. 

*  See  Geol.  Mao.  1876,  Dec.  11.  Vol.  III.  p.  34.  Sitzungsb.  d.  k.  bohm. 
OesellBch.  et  Wisaenscb.  Prag,  1870,  ete. 

*  Ibidem,  1875. 

*  See  Nature,  September,  1876,  p.  4o7-  See  also  list  of  papers  read  before 
Bril  A«BOC.  Glasgow,  in  Gbol.  Mao.  for  1876,  p.  471. 
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above  is  almost  throaghout  of  real  Carboniferous  cliaraoter,  and 
many  species  are  identical  with  those  from  the  lower  Coal-seam ; 
bet  some  few  species  of  the  Niirsohan  Oas-coal  seem  to  bear  Per- 
mian affinities. 

I  enumerated  all  the  plants  io  my  papers  above  mentioned,  and  it 
will  be  sufficient  to  mention  the  genera  only,  and  some  of  the  species. 

Plants  in  the  Oaa-coal.^ 

CikmiU$  (3  sp.  Carbonif.),  Suttonia^  Atteropkyllitet  (Carbonif.),  Sphenophyllum 
(Carbonif). 

SjfhenopterW^  (about  9  Carbonif.  ip.),  Hymencphyllites,  Sehizopteris,  CyntheittM  (4 
tp.  Carbonif.),  AUihopUris  {3  sp.,  important,  AUthopt.  erota,  Gutb.,  and 
inffi/olia,  Gopp.);  Oligocarpia  (F),  Neuropierii^  Odontopierii  (I  think  obtuti' 
Ma,  Naom.,  or  obttua,  Brong.);  DietyopturU  Brongniartit  Gutb.;  Cyclopteris. 

Ltpidodendron  diehotomum^  Stbg. ;  Sagenaria  eUgansy  Stbg. ;  Knorria,  Lepidophyllum 
ma/ut,  Brong. ;  LepidMirobtu  variability  L.H. ;  Cardioearpon,  etc. 

Si^iaria disians^  Stbg.;  Sigillarinettrobut^  Stigmaria. 

Walehia — I  think  certainly  some  branchlets  belong  here  (of  the  common  Permian 
form). 

There  are,  altogether,  about  50  species  of  plants  of  Carboniferous 
character,  besides  the  animals,  which  Dr.  Fritsch,  from  the  very 
first,'  recognized  as  Permian  genera,  and  which  he  lately  announced 
before  the  Glasgow  meeting,  as  representing  the  passage  between 
the  Carboniferous  and  Permian  formations. 

6.  Plants  in  the  Shalb  above  the  IJppeb  Seam/ 

As  in  the  Gas-coal,  and  also  in  the  Shale  above  the  Upper  Coal- 
leam  (therefore  also  above  the  Gas-coal),  the  Flora  is  still  of 
Carboniferous  character.  I  had  occasion  to  determine  about  75 
species,  mostly  well-preserved  and  interesting  plants.  All  orders,  as 
EquisetacetBy  Filices,  Lycopodiaceay  and  Sigillariaf  are  frequently 
represented ;  Sphenophyllum  Schlotheimij  Brong.,  very  frequent,  Sphe- 
nopteria  abounds,  amongst  which  truly  Carboniferous  forms,  as 
Sphenopt,  lioninghauaiy  Sph,  ohtuBiloha,  Brong. ;  Sph,  asplenitea,  Gutb., 
prevailing ;  Neuropteria  numerous ;  Adianiitea  giganteuay  Gcipp. ; 
IHctyopteria,  Gutb. ;  Cyatheitea,  Alethopterta,  and  especially  various 
forms  of  fern  trunks  of  the  genus  Megaphytum,  which  I  described  in 
a  special  paper.* 

Lyeopoditea,  Zepidodendron,  Sagenaria,  JBergeria,  etc.,  all  very 
frequent. 

Sigillaria  very  abundant,  with  about  ten  species,  and  Sttgmaria 
throughout. 

With  these  plants  from  the  Shale  above  the  seam,  the  Nijrschan 
6as-coal  has  more  than  the  half  of  its  species  (about  32)  in  common, 
and  in  both  strata  the  Flora  is  to  be  considered  as  a  continuation  of 
that  in  the  Lower  Coal-seam. 

*  See  Feistmantel,  Sitznngsb.  d.  k.  bohm.  Gescllsch.  d.  "Wissensch.  1870. — 
Jahrbuch  d.  k.  k.  geol.  Reichsanstalt,  1872,  1873,— Zeitsch.  d.  D.  geol.  Gesellsch. 
1873. 

*  Most  frequent  Sphenopt.  Gravenhorsfi,  Brong. 

'  Sitzungsber.  d.  k.  bohm.  Gesellsch.  d.  "NViss.  1870. 

*  Se*?  it\t  Mime  papers  as  before. 

*  Ueber  Baumfarrenreste  der  bohm.  Kohlenformation,  etc.,  Abhandl.  der  k.  bohm. 
Gesellsch.  d.  Wissensch.  1872,  ii.  Tafok. 
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e.  The  Lowbb  Coal-beax, 

From  this  district  I  determined  about  96  species  of  plants,  and 
also  a  Crustacean  referred  to  the  Eurypierida  was  described  as 
Lepidoderma  Jmhofi,  Reuss.*  A  full  account  of  these  relations  I 
have  given  lately  in  two  larger  papers.* 

It  is  very  interesting  to  note  the  occurrence  of  numerous  Ironstone 
nodules  in  some  localities  in  the  district  of  this  lower  seam,  which 
are  in  the  shales  above  it,  and  contain,  like  the  shales  themselves, 
many  well-preserved  fossil  plants. 

Ilie  fossil  plants  of  these  spherosiderites  and  of  other  places  in 
the  Bohemian  Coal-fields  1  have  especially  described.' 

The  Lower  Coal-seam  is  generally  thicker,  and  where  it  is  in 
connexion  with  the  upper  seam,  much  deeper  below  the  surface ;  in 
other  localities  it  is  reached  at  once  when  sinking  a  shaft,  without 
traversing  the  upper  seam. 

d.  Animal  Fossils  from  above  the  Uppeb  Coal-seam. 

It  remains  to  mention  another  occurrence  of  animal-remains  above 
the  Upper  Coal-seam.  More  in  the  northern  part  of  it,  about  sii 
English  miles  N.N.W.  of  the  city  of  Pilsen,  between  the  villages 
Zilow  and  Ledec,  a  Coal-seam  was  reached  at  a  depth  of  six  metres 
which  was  only  63  cm.  tliick,  and  contained  in  the  lower  part  onl} 
some  thin  streaks  of  a  variety  of  Coal  which  resembled  mostly  th( 
NUrschan  Gas-coal,  so  that  I  had  no  doubt  this  seam  is  the.mosi 
northern  representative  of  the  Niirschan  Upper  Seam. 

A  little  to  the  south  of  the  village  Zilow,  I  succeeded  in  finding 
(already  1871)  some  spherosiderites,  which  evidently  came  fron 
above  the  Upper  Coal-seam  ;  they  were  more  oblong  and  flat 
and  reminded  me  of  similar  forms  in  the  Leebach  strata  of  th( 
Saarbruck  Coal-field,  which  was  still  more  probable  judging  b^ 
their  contents ;  they  contained  spines  of  Xenacanthus  (apparently 
Decheni),  Ichthyocoproa  (as  they  are  found  in  the  Permian  strata  o 
Northern  Bohemia),  ribbed  fish-scales,  and  other  bones,  which  mos 
probably  belong  to  the  Permian  Arcliegoaanrus, 

In  1875,  Dr.  A.  Fritsch  again  visited  this  region,  and  procurec 
also  from  the  spherosiderites,*  several  fishes  of  the  genus  Palcpo 
niscns,  amongst  which  was  an  Amblypterus  (according  to  the  las 
report)  of  115  cm.  in  length.  This  all  speaks  certainly  for  Permiai 
affinities. 

e.  Red  Sandstone  Formation  in  the  Pilsen  Basin. 

Above  all  the  seams  we  find  Red  Sandstones,  especially  in  th< 
northern  and  southern  portion  of  the  Upper  Coal-seam  district 
In  the  northern  portion  we  find  near  the  village  Kottiken  sand 

*  TeuRs,  Bcnkschriften  der  k.  Acadcraie  dor  Wissensch.  "Wien,  1856,  p.  83.— 
Fritsch,  Fauna  dcr  Steinkohlenformation  in  Bobmen,  Archiv  fur  Xaturh.  Durch 
forsch.  et<^„  ii.  vol.  1873. 

'  Studien  im  Gobit'te  des  Kohlen{rebiro^es  in  Bobmen,  Abb.  dor  k.  bobm.  Gesellsch 
d.  "Wissenscb.  1874.— Versteineningen  der  bobm.  Koblen formation,  Cassel,  1874-76 
'  Sitzungsb.  d.  k.  bobm.  Gesellscb.  d.  "NVissensob.  1873. 

*  I  tbink  it  is  tbc  same  locality,  or  very  near,  of  wbicb  I  just  spoke. 
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stonee  (arooses)  with  a  richly  Eaolinio  cement,  and  including  na- 
meroos  silicified  coniferous  stems  of  the  genus  Araucarttes  in  the 
nme  condition  as  we  find  them  in  Northern  Bohemia  in  the  true 
Permian  formation.  Of  these  Bed  Sandstones  I  gave  lately  two 
sketches  in  my  Yersteinerungen  der  hohm.  Eohleuformation,  Cassel, 
1876,  pi.  xiii. 

Tl:^  Bed  Sandstones  are  mostly  developed  in  the  southern 
part;  we  find  them  on  the  railway  (from  Pilsen  to  Furth,  in 
BaTaria),  near  Weipemitz,  and  especially  near  Zwug,  Bothon- 
jezd/  Auherzen,  etc.  Also  here  we  find  numerous  stems  of  Arauca^ 
riU$,  and  I  have  no  donht  these  Bed  Sandstones  are  truly  Permian.' 

/.  Genebal  Yikw  of  the  Strata  in  the  Pilsen  Basin. 

(descending  order.) 

(  «.  With  Arauear%te$. 
1.  Red  Sandstones.  <  b,  Spherosiderites,  with  animal-remams  of  Permian  affini- 

(  ties  near  Ledec  and  Zilow. 

'  Shales  with  Carboniferons  Flora. 

^steict  "  ^^^i^^han  Gas-coal,  with  Carboniferons  Flora  and  a  Fauna 

of  generally  Permian  character.     From  this  horizon 

Dr.  A.  Fritsch  has  made  his  largest  collections. 

3.  Lower  Coal-seam  i  Shales  and  Spherosiderites  with  Carboniferous  Flora. 
District \  Coal-seam. 

Every  one  studying  this  tahle  will  perceive  that  No.  1  is  truly 
Permian,  No.  3  is*  truly  Carboniferous,  and  No.  2  must  be  taken  as 
a  passage-bed,  as  T  have  represented  it  in  my  later  papers,*  while 
in  the  first  papers  I  took  it  as  lowest  Permian,  judging  from  the 
animal-remains  only. 

Dr.  Anton  Fritsch,  before  the  Glasgow  meeting,  pronounced  the 
Niirschan  Gas-coal  also  as  a  "  passage-bed,"  a  view  which  I  had  ad- 
vocated already  three  years  ago  (1873).  The  historical  development 
of  die  different  opinions  I  give  further  on. 

2.  The  Coal-field  of  Kladno-RaTconitz, 

a.  The  Bakonitz  Gas-coal,  locally  called  "Schwarte." 

This  Coal-field  is  in  the  north-western  portion  of  the  area  men- 
tioned above.  It  extends  generally  E.N.E.,  and  is  the  richest  of  the 
Bohemian  Coal-fields.  There  is  the  same  classification  here  as  in 
the  Pilsen  Coal-basin. 

The  Lower  Coal-seam  District. 

This  lies  immediately  on  Silurian  rocks,  and  has  a  northern  dip ; 
the  southern  boundary  runs  from  the  locality  Kralup  (twenty 
English  miles  north  of  Prague)  westwards  across  the  localities 
Miuitz,  Wotwowitz,  Zakolan,  Brandeisl,  Kladno,  Lahna,  Kuda, 
Hakonitz,  Lubna,  Petrowitz,  and  so  on. 

*  This  village  Rothonjezd  (Roth  =  red)  has  certainly  obtained  its  name  from  the 
red  colour  of  the  soil,  which  is  caui^cd  by  the  decomposed  Red  Sandstones. 

*  Professor  Kreici  of  Prague  is  also  of  the  same  opinion. 

»  Jahrb.  d.  k.  k.  geolog.  Reichsanst.  1873  ;  Al)h.  d.  k.  bohm.  Gesellsch.  d. 
Wissenschaften,  1874 ;  Verst.  d.  bohm.  Kohlenablagerungen,  Cassel,  1874. 
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Mining  is  carried  on  there  to  a  great  extent,  and  there  are  several 
localities  where  fossils  can  he  got.  The  fossils  throughout  are  plants 
of  Carl>oniferous  character ;  and  some  remains  of  a  Scorpion  were 
jirocured,  which  were  ranged  hy  Dr.  Fritsoh  with  Cydopkihalmta 
senior,  Corda.^ 

Of  the  plant  remains,  I  descrihed  those  from  Endup  in  a  special 
paper,*  and  the  others  I  enumerated  in  my  general  paper  on  the  Coal- 
hasin.' 

All  orders  of  Carhoniferous  plants  are  represented,  and  some  Clay- 
hands  in  the  Coal-seam  are  especially  rich  in  plants. 

For  the  comparison  of  this  seam  with  others  in  Bohemia,  the 
ahundant  occurrence  of  the  genus  NOggeraihia  is  very  usefol;* 
two  species  are  found :  Ndggerathia  foUosa,  Sthg.,  and  Ndggerathia 
intermedia,  K.  Feistm.  This  species,  however,  Mr.  Stur,  of  Vienna, 
ootisiders  as  helonging  to  the  genus  Bhacopteris,  Schimp.  Cer- 
tainly these  forms  have  nothing  in  common,  and  this  NOgg.  inter- 
media, K.  Feistm.,  at  Rakonitz,  is  a  true  Ndggerathia.  Besides  the 
foliage,  there  occurred  also  a  fruit  of  Ndggerathia,  which  1  called 
Ndggerathiaesirohtu  bohemicus,  0.  Feistm. 

The  Upper  Coal-seam  District 

This  overlies  conformahly  the  Lower  Coal-seam  District,  extends 
in  a  northern  direction,  and  is  especially  developed  in  the  neighhour- 
hood  of  Knkonitz,  near  the  Zhanherg  at  the  villages  Mutiowitz, 
Eounowa,  Ilredl,  etc.,  and  in  the  neighbourhood  of  Sehlan,  at  Stem, 
Libowitz,  Lotausch,  etc. 

The  Coal-seam  in  this  district  is  only  about  1 J  metres  thick,  but  is 
immediately  overlain  by  the  Gas-coal,  about  8  to  11  cm.  thick,  locally 
called  Scliwarte  ;  above  this  we  again  find  shales. 

Tlie  Gas-coal  here  is  of  the  same  importance  as  the  Niirschan  Oas- 
coal  in  the  Pilsen  Basin  ;  it  contains  the  animal-remains.  These  ^ere 
very  distinctly  mentioned  already  by  Messrs.  Kcuss*  and  LiiK)ld*in 
their  papers  on  the  geological  relations  of  these  Coal -basin  s ;  they 
are,  as  far  as  at  present  known :  Ctenoptychius  hrerisj  Rss. ;  Desmodus, 
sp. ;  Palwoniscns  Vratislavienais,  Ag. ;  Acanthodes  gracilis,  Kom. ; 
Xenacanthns  Decheni,  Beyr. ;  Diplodus  ;  Pygopterus,  sp.,  etc. 

From  this  both  Reuss  and  Lipoid  drew  the  conclusion  that  this 
Gas-coal  sliould  be  considered  as  Permian,  and  also  Uionys  Stur 
regards  this  Gas-coal  (his  Kounowa  Series),  as  being  of  Peimian  age, 
while  the  Niirschan  Gas-coal,  containing  many  more  forms  of  that 
kind,  he  puts  down  as  the  lowest  portion  of  the  Carboniferous.' 

*  Archiv  fiir  naturh.  Dnrchforschimg  von  Bohmcn,  1873,  II.  B<L  2  Abth. 

*  StoinkoUlenfiura  von  Kralup,  1874,  Abbandl.  d.  k.  bohni.  gesellsch.  d.  Wissenacb. 
4  Tafcln. 

'  Steiukohlcn  und  Permablaprerungen  N.  W.  von  Prag,  1874,  Abb.  d.  k.  bobm. 
Gesellscb.  d.  Wissensch.  II.  Tat'eln. 

*  Tbis  I  first  pointi.-d  out  in  mv  papers ;  all  otber  opinions  about  it  are  subsequent. 

*  Sitzungsb.  d.  k.  Acad.  d.  Wisseiiscb.  Wien,  1858. 

*  Jabrb.  d.  k.  k.  Geolo^.  Reicbsanijtttlt,  1861-62. 
^  It  is  certainly  not  uninteresting  tbat  only  lately  a  Ceratodus  bas  been  procured 

these  beds. 
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Here  in  the  Kladno-Bakoniis  Coal-basin  the  Gas-coal  lies  therefore 
ove  the  Coal-seam.  The  shale  aboTe  the  Gas-ooal,  however,  oon- 
ns  again  a  Flora  whioh  is  vexy  distinotly  Carboniferous. 
I  enoDierated  it  already  on  various  ooeasions.^  I  will  especially 
te  —  Calamiie$  Suehowit  Brong. ;  JsterophyUitea,  SphenophyUunij 
fatheiieg,  Alethopieris,  Cavlopteris  peliigera,  Brong. ; '  Lyeopodite$ 
aginoideSt  Stbg. ;  Lepidodendron  diehotamum,  Stbg.  ;  Sigillaria 
i^HMifw,  L.  &  H. ;  8.  Cortei,  Stigmaria  ficoides,  etc.  All  these 
mr  therefore  above  the  Permian  Fauna,  and  no  Permian  plants 
lODgst  them. 

6.  The  Bid  Sandstons  Fosmatiom. 

Above  this  Upper  Coal-seam,  with  the  Gas-coal  on  top,  we  find 
d  real  Permian  Series  partly  exposed  near  Bakonitz,  but  especially 
>re  to  the  north,  near  Elobuk  and  Perutz,  where  they  dip  under 
etaoeous  beds,  and  extend  to  the  valley  of  the  Eger  river,  between 
•telberg  and  Budin,  as  they  are  seen  in  that  region  on  the  right 
>re  of  that  river.  In  this  series  we  have  again  the  Permian 
nwartUs  stems  in  abundance,  as  in  the  Pilsen  Basin  and  in  the 
ily  Permian  strata  in  N.B.  Bohemia,  on  the  S.W.  side  of  the 
eeengebiige. 

From  near  Elobuk  we  know  CcUamites  gigas,  Brong.,  and  Walehia 
liformU,  Stbg.,  etc.  The  sequence  of  the  beds  in  this  Coal-field 
therefore,  generally  the  following : 

Bed  Sandfltones    —With  Arauearitety  Calamittt  and  Walehia, 

UoDer  Coal-seam    (  ®^*^®"  ^*^  Carboniferoxis  Flora. 

District.  i  Gas-coal  (Schwarte),  with  Permian  Famia  only. 

(  The  Coal-seam. 

!  Shales  with  Carboniferons  Flora  and  Scorpio. 
Coal-seam. 
Clay-band  with  Carboniferous  Flora. 
I  Coal-seam. 

If  we  now  compare  both  these  basins  (Pilsen  and  Kladno-Bakonitz) 
e  shall  observe : 

1.  The  group  of  Bed  Sandstones  in  the  Kladno-Bakonitz  basin  is 
oal  to  the  same  group  in  the  Pilsen  basin,  with  the  beds  near 
)dec  and  Zilow. 

2.  The  Bakonitz-Schlan  Gas-coal  is  rather  higher  in  the  series 
in  the  (Jas-coal  at  Niirschan,  though  both  contain  some  genera  of 
imals  in  common ;  the  Flora  being,  however,  much  more  abundant 
ar  Niirschan  than  near  Bakonitz,  seems  to  indicate  a  slow  ex- 
icdon  of  it  towards  this  latter  place ;  but  thio  Bakonitz  Gkui-coal 
IS,  even  by  Dionys  Stur,  acknowledged  as  Permian  in  his  mis- 
iding  paper  on  that  subject  in  Yerh.  d.  k.  k.  geol.  Beichsanstalt, 
ien,  1874,  p.  194. 

8.  The  lower  seam  in  the  Pilsen  basin  is  of  the  same  horizon,  as 

the  Kladno-Bakonitz  basin. 

This  we  may  perhaps  explain  in  the  following  way  : 

*  ibhandl.  d.  K.  bohm.  Gesellsch.  d.  Wissenschaften,  1873-4 ;  Jahrb.  d.  k.  k. 
eol.  Reichsanst  1874. 

*  Figured  in  Verstein.  d.  bfihm.  Eohlenablagemngen  (FeistmanteV),  p\.  uat . 

DBCADB  U. — rOL,  IV,~-NO.  lU,  ^ 
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The  lower  Coal-seam  districts  in  both  basins  are  ohaiacterized  by 
a  truly  Carboniferous  Flora  only. 

While  this  Flora  still  grew  in  abundance  in  the  Pilsen  basin,  the 
first  Permian  animals  appeared  there  at  a  time  when  the  upper 
Coal-seam  of  Nurschan  began  to  be  deposited. 

From  this  point  the  animals  continued  in  the  district  of  Eladiu)- 
Kakonitz  upper  Coal-seam,  until  the  end  of  its  deposition,  wMle 
the  Carboniferous  Flora  still  existed,  but  was  already  dying  out 

After  this  time  the  Carboniferous  Flora  rapidly  died  out,  and  was 
replaced  by  Permian  forms,  which,  with  the  associated  Permian 
animals,  lived  together  as  we  find  them  in  the  northern  part  of 
Kladno-Rakonitz  Coal-field,  and  especially  in  the  north-east  of  the 
Bohemia,  but  which  already  began  so  in  the  Pilsen  basin. 

We  have  thei-efore  an  eastward  and  northward  development  of 
Permian  animals  and  plants. 

A  geueml  view  may  illustrate  the  relations  : — 

(  a  Bed  Sandstones  with  AraucariUt,  Permian  Flora,  etc. 
I  b  Sphero8iderite8  near  Ledec  and  Zilow,  Pilsen  basin;  with 
P  I       (  Permian  animal-remainB  only, 

tpper        I       /  tf  Carboniferous  Flora  (rarer),  near' Rakonitz. 
DistriT     W  1  ^  Gas-coal  of  Rakonitz  (Scbwarte) ;  Permian  animals. 
K  fi»        I  )  '  '  Coal-seam. 
C  ^°1  fi  Id       I  )   \f  Carboniferous  Flora,  very  abundant, 
l/oai-neids.     I  \   \g  Coal-seam. 

A  Niirschan  Gas-Coal,  Permian  Fauna,  and  rich  Carboniferow 
Flora. 
Lower  Coal-  (   )  /  »  Carboniferous  Flora  only,  very  abundant. 
Seam  District  )   \  J  A*  Coal-seam. 

in  both        1       \l  Carboniferous  Flora. 
Coal-fields.     (       \m  Coal-seam. 

As  an  immediate  result  from  this  consideration  it  follows  that  in 
Bohemia  (and  certainly  also  elsewhere)  there  is  no  strict  boundary 
between  the  true  Carboniferous  and  Permian  epoch,  to  demonstrate 
which  was  always  the  chief  object  of  my  four  years'  examination  of 
the  Bohemian  Coal-fields,  all  of  which  1  saw  under  the  guidance  of 
Mr.  Krcjci,  Professor  of  Geology  at  the  Polytechnikum  in  Prague. 

The  same  result  is  clearly  to  be  seen  even  from  Herr  Stur's 
general  view  (Verb.  k.  k.  geolog.  Reichsanst.  1874.  p.  208),  and 
even  Prof.  Weiss  does  not  deny  it,*  although  both  Weiss  and  Stur 
tried  for  some  time  to  place  the  Nurschan  Gas-coal,  which  is  the 
passage-bed,  much  lower  in  the  series. 

But  Mr.  Krejci  explained  it  very  decidedly  in  a  short,  but  com- 
prehensive and  clearly  written  paper,  lb74.' 

J?.— HISTORICAL  NOTES. 

While  local  geologists  and  palsBontologists,  long  resident  in 
Bohemia,  were  especially  engaged  in  the  examination  of  these 
Coal-fields  for  many  years,  and  had  explained  the  relations  of 
these  Gas-coals  with  their  Permian  animals  in  the  manner  I  have 
indicated,   some    foreign    geologists,   who    never  had   occasion  to 

*  Zeitschrift.  d.  D.  Geol.  Gescllscb    1874,  p.  364. 

'  Sitzungsb.  d.  k.  bulim.  Gesellsch.  d.  Wisseusch.  1874,  Decemb. 
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imine  tbem  so  tboronghly,  and  who  never  had  suoh  a  rich  collec- 
Q  of  these  animals,  were  inclined  to  consider  the  Flora  only,  and 
ilained  their  relations  in  a  directly  opposite  manner. 
But  t»  medio  virtus  most  also  be  here  the  guiding  motto,  and  all 
cnmstances  roust  be  considered. 

Ihe  age  of  the  Qas-coal  in  the  Kladno-Eakonitz  basin,  which  is 
)ecially  known  for  many  years  from  the  locality  ilredl,  was  already 
ognized  correctly  by  Messrs.  Beuss  (in  1868)  and  Lipoid  (in 
t)2),  both  takmg  it  as  of  Permian  age,  for  which  they  had  good 
)und8. 

1  myself  visited  this  basin  for  tliree  years  with  Prof.  Krejoi,  and 
could  only  confirm  again  these  previous  observations.  But  I  found 
)re.  I  foimd  that  the  Flora  from  above  the  Gas-coal  is  throughout 
rboniferons,  and  not  one  single  species  is  of  Permian  character. 
I  discussed  these  relations  first  in  my  special  paper  on  this  basin,^ 
d  they  are  also  to  be  found  in  my  subsequent  general  papers.' 
Here  1  was  the  first  who  pointed  out  the  analogy  of  the  lower 
al-seam  with  the  Coal-strata  of  Radnitz,^  and  described  first,  more 
detail,  the  localities  of  the  G-as-coal  with  Permian  animal-remains, 
d  a  Carboniferous  Flora,  in  the  shales  above. 
Herr  Star,  of  Vienna,  expressed  about  this  Gus-coal,  in  one  and 
8  same  year,  two  rather  different  opinions.  In  his  misleading 
per  on  the  Bohemian  Coal-fields,^  on  account  of  the  animals,  ho 
iaXs  the  Gas-coal  (Schwarte)  without  hesitation  as  truly  Permian 
r  as  he  prefers  calling  it,  Dyas'^) ;  but  be  established  a  superfluous 
me  for  this  Gas-coal,  calling  it  "  Kounowa  Series,"  while,  if  a  now 
me  be  made  at  all,  it  should  be  called  Hredler  Series,  being  muoh 
iger  and  much  better  known  from  the  locality  of  Hredl. 
In  a  note,  in  the  Verhandl.  d.  k.  k.  geol.  Reichsanstalt,  1874, 
jrr  Dionys  Stur  reports  on  plants  from  the  district  of  the  Gas-coal, 
d  says  distinctly  that  till  that  time  no  plants  from  this  district 
jre  recorded,  although  my  special  paper  on  the  Kladno-Rakonitz 
&in  was  already  published,  and  Herr  Stur  was  acquainted  with  it. 
ire  I  enumerated  the  first  plants  from  above  the  Gas-coal.  Herr 
ir  was  obliged  to  recognize  that  those  plants  were  only  of  Carbon - 
rous  character.  To  be  able  to  explain  it,  Herr  Stur  at  once  re- 
eved the  position  of  the  Gas-coal  to  the  very  beginning  of  the 
rmian,  in  which  he  might  perhaps  not  be  wrong,  although  at  first, 
iging  from  the  Fauna  only,  he  thought  it  higher.  We  see,  how- 
3r,  that  the  Permian  character  of  this  Gas-coal  is  so  apparent  that 
jrr  Stur  could  not  transform  it,  although  ho  would  certainly  have 
ed  to  do  so. 
Prof.  Krejci,  in  his  excellent  short  paper,*  pronounced  the  last 

Abhandl.  d.  k.  bohm.  Gesellsch.  d.  Wissensoh.  1873. 

Geologuchen  Reschsanst.  Wien,  1873.  Abhandl.  d.  k.  bohm.  Gesellsch.  d. 
sBenAch.  1874.     Veret  d.  bohm.  Kohlenablangerun«^en ,  Cassel,  1874-76. 

HuiT  Stur,  of  Vienna,  did  so  later,  when  my  paper  was  already  published,  and 
bout  mentioning  it,  although  aware  of  its  existence. 

Verb.  d.  k.  k.  geol.  Reicbsanst.  1874,  p.  189,  et  seqq. 

This  unfortunate  word  is  certainly  very  inappropriate  and  confusing. 

Sitzongsb.  d.  k.  bohm.  Gesellsch.  d.  Wmenach,  1874. 
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opiuion,  taking  this  Gkis-ooal  in  the  Eladno-Bakonitz  Coal-field  to  be 
analogous  to  the  Eohlenrothliegendes  in  the  Saarbriicken  basin,  or 
in  other  words  as  Lower  Permian,  in  which  my  own  explanations 
were  acknowledged. 

About  the  Niirschan  Gas-coal,  from  which  so  many  more  animals 
are  known,  and  from  whence  Dr.  A.  Fritach  has  obtained  the  greater 
part  of  his  material,  the  literature  is  a  little  more  oompUoated. 

First  we  find  the  Gks-coal  mentioned  in  Prof.  Qeinitz's  voluminooi 
and  important  work,  ''  Steinkohlen  Deutschlands  and  anderer  Lander 
Europas,"  1865,  i.  vol. ;  but  the  Professor  did  not  know  any  animala 
from  there,  and  of  the  plants  only  two  species  are  specially  mentioned, 
amongst  which,  as  the  most  frequent,  SphenopUri$  Oravenhortti, 
Brong.,  which  1  found  again  in  my  examinations.  The  Professor 
knew  the  Gas-coal  al^o  only  from  the  mines  in  the  immediate  neigh- 
bourhood of  Niirschan. 

More  lately,  however,  in  1870,  I  visited  this  Goal-field  and 
collected  })lants  in  the  more  western  mines  of  Niirschan,  as  weU 
from  the  Gas-coal  as  from  the  Shale  above,  in  the  mines  of  Dr. 
Pankraz,  while  Dr.  Anton  Fritsch  had  already  at  that  time  some 
material  of  animal-remains  to  determine. 

At  that  time  he  wrote  the  first  note  ^  and  spoke  of  these  re 
mains  as  Permian ;  at  the  same  time  1  wrote  my  first  paper  on  th< 
plant-remains  from  this  stratum  in  June,  1870,'  and  pointed  oa 
already  strongly  as  very  interesting  the  occurrence  of  this  Penniai 
Fauna  with  an  almost  entirely  Carboniferous  Flora. 

In  a  reference  to  this  paper  of  mine  in  Geinitz  imd  Leonhard' 
Jalirbuch,  1870,  the  Carboniferous  age  of  the  plants  was  ackno^ 
ledged,  the  Permian  character  of  the  animals  could  not  be  denied 
and  to  explain  this,  an  immigration  or  colonization  of  thof 
migratory  animals  (as  they  are  called  there)  in  the  Carboniferoi 
stratii  was  suggested  as  possible.  But  it  certainly  says  that  in  oi 
Pilsen  basin  the  Carboniferous  Flora  was  still  growing,  while  thei 
Permian  animals  had  already  begun  to  live,  which  only  proves  tl 
existence  of  the  former  in  Permian  times. 

Later  I  paid  three  more  visits  to  this  Coal-field  and  wrote  m 
other  papers  on  this  subject.'  In  all  these  papers  I  declared  i 
a  pala^ontological  maxim,  that  in  this  case  the  animal-remains  wi 
certainly  have  to  decide,  and  that  a  surviving  of  an  already  exis 
ing  Flora  is  more  natural,  and  I  then  declared  the  Niirschan  Ga 
coal  as  also  of  lowest  Permian ;  parallel  with  Herr  Weiss's  Kohlei 
rothliegendes. 

Prof.  Geinitz,  however,  maintained  his  view  of  an  **  immigration 
of  "dyadic  forms." 

*  Sitzungsberichte  der  k.  bohm.  Gesellsch.  d.  Wissensch,  1870.  ApriL 

«  IbidtfH,  Juno,  1870. 

'  Beitrag  zur  Konntniss  und  AusdcUnung  des  Xiirsclioner  GaBschiefers,  etc.,  Jahi 
d.  k.  k.  geol.  Reichsanst.  1872.— Ueber  das  Verhaltniss  der  bohm.  Kohlen-  u: 
Permformation,  etc.,  Ibidem,  1873. — A  letter  to  l*rof.  Geinitz,  in  Geinitz  a 
Leonhard  N.  Jahrb.,  1872,  p.  303. — Ueber  den  Niirschaner  Gaaschiefer,  Zeitschr. 
D.  geol.  Gesellsch.  1873. — Ueber  Verbreitung  und  geol.  Stellung  der  verkiaaelt 
Araacaiitenstammef  etc.,  Sitzungsb.  d.  k.  bohm,  GeseUsch.  d.  Wiw.  1873,  etc 
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In  the  mean  time  I  entered  into  oorrespondenoe  with  Prof.  Weiss 
in  Berlin,  who  classified  in  a  similar  manner  the  Saarbriicken  Coal- 
field, and  he  communicated  to  me  his  opinion  that  our  Niirschan 
Gas-coal  will  most  probably  be  analogous  to  his  Otweiler  Series, 
fomiing  the  transition  from  the  Carboniferous  to  the  true  Permian, 
which  he  stated  also  in  an  expose  in  the  Zeitschr.  d.  D.  geolog. 
Gesellsch.  1874,  pp.  367-69,  referring  to  my  paper  "  Verb.  d.  bohm. 
Eohlen  zur  Permform.  l.a" ;  he  could  not  deny  the  fact,  that  the 
Carboniferous  and  Permian  strata  appear  only  as  members  of  one 
formation,  to  show  which  was  always  my  chief  intention ;  this  state- 
ment of  Weiss  was  therefore  a  great  satisfaction  to  me.  But  I  yet 
most  recall  to  mind  that  Weiss  himself  gave  as  characteristic  for  his 
Otweiler  Series  a  Carboniferous  Flora,  without  a  Permian  Fauna, 
which,  howcTcr,  is  so  numerous  in  our  6as-ooals  at  Niirschan  (and 
Rakonitz),  that  they  certainly  never  can  be  mistaken  for  Carbon- 
iferous. 

In  consequence  of  this  I  adopted,  in  a  certain  way,  Herr  Weiss's 
view  (in  a  letter  to  Dr.  Geinitz,  in  Leonh.  und  Qein.  Jahrb.  1874), 
considering  this  Niirschan  Gas-coal  (therefore  the  whole  upper  seam) 
as  passage-beds,  which  may  be  called  Otweiler  Series,  in  the  Saar- 
briick  basin,  but  strongly  adTocating  the  close  connexion  of  this  with 
the  vPermian  formation,  and  citing  the  abundance  of  Xenacanthus, 
Acamthodes,  eto. 

This  view  I  used  afterwards  again  in  my  general  works,^  but  only 
for  the  Nurschan  Gas-coal,  considering  it  parallel  with  Weiss's 
Otweiler  Series,  as  passage-beds,  while  the  Kakonitz  Gas-coal  I 
placed  at  the  banning  of  the  Permian. 

I  gave  the  following  table : 

!The  trae  Bed  Sandstones,  with  Permian  Fauna  and  Flora. 
Spherosiderites  of  Zilow  and  Ledec. 
Rakonitz  Oas-coal. 
'  AboTc  Carboniferous  Flora. 
Otweiler  Series   )  Niirschan  Gras-cual,  with  Permian  Fauna  and  Carboniferous  Flora. 
Passage-Beds    j  Upper  seam  of  the  Coal-field  at  foot  of  the  Kiesengebirge,  near 
'      Kadowen2. 

CarblS^us      I  ^^^  Coal-seam  district. 

Tliis  was  the  state  of  the  question,  on  ray  part,'  when  I  left  for 
India,  engaged  on  the  Geological  Survey,  after  having  examined  for 
funr  years  the  Bohemian  Coal-fields. 

When  all  the  above  was  written,  for  the  most  part  with  the  approval 
of  Mr.  Krejci,  Professor  of  Geology,  and  Dr.  Ant.  Fritsch,  Professor 
of  Zoology  and  Palaeontology  in  Prague,  two  visitors,  Herr  Stur, 

*  Studien  im  Gebiete  des  bohm.  Kohlengebirges ;  Abh.  d.  k.  bohm.  Gesellsch.  d. 
WiMenschaften,  1874.    Verst.  d.  bohm.  Kohlenabl.,  Cassel,  1874-76. 

^  My  paper,  "  Studien  in  Kohlengebirge,*'  etc.,  was  later  discussed  in  JVW^M>f, 
July  27,  1876,  p.  270,  where  the  reviewer  concludes  as  follows:  "But  faults  like 
these  will  not  detract  from  the  real  value  of  the  work ;  when  the  time  comes  for  a 
Rctification  of  boundaries  on  the  Permo-Carboniferous  frontier,  the  vast  mass  of 
circfuUy-observed  facts  which  it  furnishes  will  form  no  unimportant  contribution  to 
the  .body  of  evidence  by  which  the  question  must  be  decided.  The  author  may  have 
been  premature  in  his  conclusions,  but  his  industry  and  application  have  produced  a 
work  that  will  have  a  permanent  value." 
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from  Vienna,  and  Herr  Weiss  in  Berlin,  came  to  see  the  Pilsen  basin. 
They  had,  of  course,  a  very  easy  task,  as  they  had  already  a  great 
amount  of  important  papers  for  their  guidance. 

As  I  have  already  mentioned,  Herr  Stur  published  in  1874  a  paper 
in  the  Yerhandl.  d.  k.  k.  geolog.  RMchsanstalt*  which,  however, 
must  be  taken  with  precaution,  as  it  contains  a  great  many  asser- 
tions, mostly  without  proof;  therefore  Herr  Stur  must  naturally 
expect  that,  as  lie  is  not  infallible,  his  views  are  open  to  objections. 
Herr  Stur  took,  also,  as  I  did  before,  the  Rakonitz  Gas-ooal  as 
Permian,  although,  as  I  first  proved  (l.c),  the  Fiora  above  is  Carbon- 
iferous ;  but  for  the  Niirsdian  6as-ooal  he  has  chosen  another  opinion, 
uud  pronounced  this  Niirschan  Gas-coal  as  parallel  to  one  of  the 
*'  lowest  Carboniferous  horizons  "  in  Bohemia.    This  ^"as  done  with 
such  a  degree  of  certainty  (but  always  without  arguments)  that  nij 
conclusions  on  this  subject  seemed  struck  down,  but  fortunately 
only  for  a  short  time.     Herr  Stur  did  well  not  to  deal  with  the 
occurrence  of  the  animal-remains, .  which  would  certainly  not  have 
fitted  in  with  his  well-made  system  in  words. 

About  the  same  time  Herr  Weiss,  from  Berlin,'  came  to  see  for 
a  short  time  the  Pilsen   basin,  and  at  once  wrote  a   Beport  on 
what    "he   had   seen";    in  a  letter   to   Prof.   (Jeinitz,*  which  is 
signed  by  him  and  another  gentleman,  apparently  as  witness.    In 
this  the  Niirschan  Gas-coal,  certainly  only  from  a  superficial  view, 
is  disc  attributed  to  the  lowest  Carboniferous  horizon  in  Bohemia;  but 
the  animal-remains  were  not  considered  at  all,  which,  however,  must 
be  absolutely  done,  to  gain  a  correct  idea  of  its  relations.    Mr.  Weiss 
on  the  contrary,  in  his  note  in  Zeitschr.  d.  D.  geoL  Q^sellschaft, 
1874,  p.  368,  discussing  my  paper  on  the  relation  of  the  Permian 
and  Carboniferous  in  Bohemia,  went  so  far  as  to  say — when  com- 
paring the  Niirschan  Gas-coal  with  the  Otweiler  Series — that  in  the 
latter  no  Xenacanthus  has  been  found,  which,  however,  as  Herr  Weiss 
thinks,  is  of  no  importance   (l.c.  p.  368  below),  and  yet  he  was 
the  fii-st,  who  in  his  paper  "Leitfische  des  liothliegenden  in  den 
Leebacher   und   aoquivalenton   Schichten   des   Saarbruckisch-pfiilz- 
ibchen  Kohlengebirges,"*  mentions  Acanthodea,  Xenacanthus,  PoUbo- 
niscuSf  etc.,  as  the  most  charactenstic  genera  for  the  Permian  strata. 
A  mining   en<;;ineer,  now  lecturer   in   the   Mining  Academy  a1 
Leoben,   Ilerr  Hehnliacher,  went  still  further,  and  endeavoured  tc 
pnjve,'^  from  the  mineralogical  relations,  that  this  Niirscham  Gas 
coal  is  something  like  the  English  Bog-head  Coal,  and  therefore  alsc 
of  Lower  Carboniferous  age :  "  quod  erat  demonstrandum^*^  thought  tht 
gentleman.    But  the  imagined  victory  of  these  outside  observers  wa: 
only  of  short  duration. 

First  I  have  to  notice  the  repeatedly  pronounced  opinion  of  th( 

^  Momentaner  St<in(bneiiitT  Untersuchungen  iiber  die  unsseralpine  Stoinkohlen 
formation,  April,  1874. 
^  JTe  writes  notices  and  reviews  under  the  signature,  W.  in  Berlin. 
3  X.  Jahrb.  1874,  pp.  963-9G4. 

*  Zcitbchrift  d.  D.  geol.  Gesellsch.  1874. 

*  See  Verb.  d.  k.  k.  geol.  Keichstlt.  1876,  p.  213;  N.  Jahrb.  etc.,  1876,  p,  104. 
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wdl-known  Prof.  F.  Bomer  of  the  XTniversity  of  Breslan,  that  he 
eoMidera  the  Niirschao  Gas-ooal  as  corresponding  with  a  similar 
deposit  at  Elein-Neundorf  in  Silesia,  which  is  indeed  sa 

Very  soon  afler  Herr  Stur's  paper,  with  an  amount  of  facts  withont 
aif;ament8,  a  simply  hut  clearly  written  article  hy  the  Bohemian 
loc&l  geologist.  Prof.  Krejci,  appeared,^  wherein  the  Professor,  after 
Bitny  long  years  of  experience  and  practice  in  Bohemian  geology, 
hii  explained  the  matter  in  a  most  natural  way. 

While  acknowledging  the  abilities  of  all  the  authors,  who  have 
written  on  the  subject,  he  yet  for  good  reasons  cannot  concur  either 
in  Herr  Star's  or  Herr  Weiss's  opinions,  and  he  adopts  that  view 
wbidi  I  have  illustrated  so  repeatedly. 

He  says  in  the  conclusion  of  his  paper  (I  give  the  translation)  : 
"The  Bohemian  Coal-formation,  and  especially  the  Pilsen  basin, 
forms  therefore  a  connected  series  of  strata,  of  which  the  Lower 
pnrtion  (Radnitz,  Eladno,  Pilsen,  etc.)  is  parallel  with  the  Saar- 
briioken  Series,  the  higher  portion  (Rakonitz  Gras-coal)  with  the 
Caseler  and  Leebach  Series,  while  the  Niirschan  Oas-coal,  however, 
has  to  be  put  at  the  base  of  the  Kohlenrothliegendes  of  the  Saarbriick 
basin,  or  it  is  analogous  with  the  Otweiler  Series,*  which  classifica- 
tion  may  decide  the  present  state  of  the  question  about  the  age  of 
the  Niirschan  Gras-coal." 

This  result  is  the  same  which  I  had  arrived  at  in  my  later  papers, 
tnd  this  paper  of  Prof.  Krejci  was  the  first  energetical  contradiction 
of  the  opinions  of  those  gentlemen  I  mentioned  above. 

But  a  still  more  important  expression  of  opinion  in  that  way 
ii  Dr.  A.  Fritsch's  presentation  of  his  results  of  the  examinations  of 
the  Fauna  from  the  G^-coals  before  the  last  Glasjj^ow  meeting.  Dr. 
A.  Fritsch  declared  the  animals  to  be  mostly  of  Permian  character, 
ttd  these  beds  as  passage-beds  between  Carboniferous  and  Permian 
in  Bohemia,  just  as  I  did,  and  as  Prof.  Krejci  stated  again,  and  this 
tfter  duly  considering  both  kinds  of  organisms. 

Thus  Herr  Stur  and  Herr  Weiss  had  a  very  short  time  the  satis- 
&ction  of  having  contradicted  my  views,  as  they  have  been  so 
eridently  re-established  by  our  best  local  geologists  and  palaeon- 
tologists, and  we  can  always  suppose  that  good  local  geologists,  who 
•re  also  excellently  acquainted  with  all  other  relations,  will  and  can 
decide  a  question  better  than  a  visitor,  who  only  casually  examines 
the  subject 

I  felt  obliged  to  bring  this  subject  forward,  in  the  Geological 
M&OAZiNK,  in  order  to  give  English  readers  an  indication  where 
to  find,  if  required,  the  several  papers  on  this  question,  so  impor- 
tant in  its  bearings  on  the  subject  of  the  boundaries  of  the  Permo- 
C«rboniferous  formation  in  general,  and  by  way  of  caution  as  to 
Herr  Stur's  publications  in  that  direction.  But  here  again,  in 
^dio  virtus.  Where  plants  only  occur,  they  may  decide  the 
horizon,  if  they  are  analogous  with  known  and  already  determined 

*  Sitznngsb.  d.  k.  bohm.  Gresellsch.  d.  Wissensch.  1874. 

'  These  are  the  passage-bedfl,  to  which  I  also  referred  the  Niirschaa  (Ha-eo^ 
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flona ;  where  animals  only  occur,  they  mutt  decide  from  their  part 
bat  if  both  animals  and  plants  occur,  they  must  both  be  used  in  ac 
appropriate  way ;  but  we  must  always  take  this  maxim  for  our 
guidance,  that  already  existing  organisms  could  much  easier  siir- 
vive,  than  that  oi^nisms  generally  known  as  higher  in  stratifica- 
tion should  be  transferred  to  much  lower  strata  ;  and  how  such 
cases  can  be  explained  by  colonization,  evexybody  knows  best  for 
himself,  and  I  have  indicated  already  above. 

We  must  further  consider  that  formations  in  general  have  proved 
not  to  be  so  strictly  limited,  and  that  vexy  often  forms  from  the 
lower  pass  into  the  higher,  as  for  iuRtanoe  the  Khsetic  beds,  as 
passage-beds  between  the  Eeuper  and  Lias;  the  Wealden  formation, 
as  a  passage-bed  between  the  Upper  Jura  and  Lower  CretaceonB, 
eta,  were  established;  there  is  certainly  such  a  passage  also  be- 
tween the  Carboniferous  and  Permian  formation,  and  in  Bohemia 
the  Niirschan  Oas-ooal  establishes  this  passage  :  it  is  therefore  to  be 
considered  as  a  passage-bed  between  the  Carboniferous  and  Permian 
formations  there. 


L — On  the  Tertiabies  of  Malta.^     By  Th.  Fuohs.     Proceed. 
Imp,  Acad.  Vienna,  Jan.  20,  1876,  vol.  Ixx.  p.  92. 

[Commimicated  by  Count  Mabschall,  C.H.G.S.,  etc.] 

THESE  Tertiaries  may  be  divided  into  two  groups  ;  the  upper  one 
answering  to  the  Leitha-limestone  of  the  Vienna  Basin ;  th( 
lower  one  to  the  deposits  of  Schio  near  Vicenza,  of  Monte  Titan( 
near  San  Marino,  of  Dego,  Carcare,  and  Belforte  in  Italy,  those  o 
Bazas  and  Merignac  in  France,  the  Marine  Molasse  of  Bavaria,  th( 
Sotzka  beds  of  Styria,  and  the  Pectunculus  beds  of  Hungary.  Th( 
two  groups  are  conformable ;  but,  though  petrographically  analogous 
offer  different  palseontological  characters. 

The  succession  of  beds  (in  descending  order)  is : — 

A.  Leiiha-KaVk  Group. 

Ist — Leitha-limestones  in  all  the  varieties  occurring  in  the  Viennr 
Basin,  and  a  peculiar  compact  variety  with  breccia-like  texture 
bearing  more  resemblance  to  the  Triassic  "  Rauhwackes  "  of  th< 
Alps  than  to  any  Miocene  Leitha-limestone. 

The  plateaux  formed  of  those  limestones  are  notably  worn  out  b^ 
atmospheric  agencies,  their  superficial  erosions  being  filled  by  f 
brick-red  earthy  substance,  like  those  of  the  Illyrian  Karst.  Organic 
remains,  identical  with  those  of  the  Leitha-limestones  of  the  Vienm 
Basin,  are  locally  abundant. 

2nd.  —  Green  Sands  and  Heterostegtna-Umestonea  of  Gozo,  im 
mediately  beneath  the  Leitha-limestones  with  an  enormous  quantity 
of  Polyzoat  HeteroategincBt  EchintdoB,  Ostrece,  and  FectineSy  and  ii 
•very  respect  answering  to  the  sands  of  Neudorf,  south  of  Vienna. 

^  Papers  on  the  Geology  and  Fossils  of  Malta,  by  Dnncan,  Jones,  and  Ilntton 

lufcvA  «ni)eared  in  the  Gbolooical  Magazine,  Vol.  1.  pn.  96 — 106,  and  Vol.  Ill 

52,  which  may  be  consulted  in  connexion  with  tnis  communication. — ^£dit 
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Brd.'^PIaBtie  Clay  ("Sohlier"  of  the  Vienna  Basin),  with  a  thick- 
ness of  180  feet,  abounding  with  Nautilus  Aturiy  Bast  {Naut.  diluvii, 
Sism.),  Peeten  denudatus,  Beuss,  and  Fecten,  sp.  nov. 

B.  '*  Bormidian-Aquitanian" 

1st. — Pecten-hedtty  answering  to  the  Schio-beds,  finely  arenaceous, 
soft,  with  an  abandance  of  small  Echinida  and  Pectines  (P.  ITaueri, 
and  P.  deletus) ;  the  chief  building  material  of  Malta. 

2nd.  —  Lower  Limestones,  chiefly  developed  in  Gozo,  visible  in 
Malta  for  longer  or  shorter  distances  along  the  coast  Composed 
of  detritus  of  Nulliporsd  and  Polyzoa ;  hard  and  compact  The 
characteristic  organic  remains  are  small  Scutella,  identical  with 
those  of  Schio,  gigantic  Orbicidina^  and  Orhitoides,  some  four 
inches  in  diameter.  Shells  are  abundant ;  most  of  them  are  analogous 
to  those  of  Castel-Gk)mberto  and  Sangonini ;  but  some  are  of  the 
Miocene  type,  such  as  TurriteiUa  cathedralis. 

II. — ^NOTB      8TJR     LES       DEPOTS     CRtXAOfiS      LACTTSTRES      KT     d'iATJ 

SorMATRE  DU  MiDi  DE  LA  France,  par  M.  Ph.  Matheron. 
(Bulletin  de  la  8oci6t6  G^ologique  de  France,  3®  s^rie,  vol.  iv. 
pp.  416-428.) 

rE  author  is  of  opinion  that  the  beds  of  fresh  and  brackish  water 
deposits  that  occur  in  Central  France,  and  which  were  at  one 
time  considered  to  be  entirely  of  Miocene  age,  represent  not  only 
almost  all  the  Tertiary  series,  but  even  some  of  the  uppermost  beds 
of  the  Chalk. 

Starting  at  the  Chalk  with  Ostrea  Mather oniana^  the  lowermost 
bed  of  the  Senonien,  as  a  base-line,  there  follow  in  ascending  order 
in  the  Department  of  Bouches-du-Rhone,  zone  of  Ostrea  acutirostris, 
the  littoral  beds  with  Cassiope  Coquandiana,  brackish-water  beds, 
Fuveau  series,  Eognac  series,  and  the  large  series  of  red  clay  stones. 
All  these  M.  Matheron  classes  as  Cretaceous ;  all  above  being  referred 
to  the  Tertiary  period.  The  "  terrain  Garuranien  "  of  M.  Leymerie  is 
correlated  with  the  two  last  named  of  the  above  series,  i.e.  uppermost 
Cretaceous.' — ^B.B.W. 

III. — Records  of  the  Geological  Survey  op  India,  Yol.  IX.  Pt.  4. 

CONTAINS  on  p.  154  a  notice  of  the  discovery  of  the  remains  of 
a  Plesiosaurus  in  the  Umia  (Tithonian  and  Portlandian)  beds 
at  Burroria,  in  Eachh. 

Tlie  specimen,  which  is  the  first  indication  yet  found  of  the  presence 
of  this  reptile  in  India,  **  comprises  the  whole  of  the  symphysis  and 
small  portions  of  the  rami  of  the  mandible ;  on  the  right  side  it 
contains  the  alveoli  of  five  teeth,  and  on  the  left  side,  of  four."  It 
"  agrees  almost  exactly  in  form  and  size  with  P,  dolichodeirus  of  the 
Lias."  This  interesting  specimen,  which  doubtless  will  not  long 
remain  unique,  was  found  by  Mr.  A.  B.  Wynne,  and  is  described 
by  Mr.  R.  Lydekker,  of  the  Indian  Geological  Survey. — B.B.W. 

*  Orbieulina  is  not  noticed  in  Geol.  Mao.  Vol.  III.  p.  152,  as  a  Maltese  fossil. — 
Editor. 

•  M.  Hubert  (Bull.  Geol.  Sec.  de  la  France,  3*  sfirie,  vol.  iii.p.  696^  liad  clasMi 
the  Garunmiao  beds  aa  Upper  Senonian,  and  the  Eognac  beds  aa  Damoii  ^V 
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I.  —  CAMBRIDGKSHrBB     GsOLOGT.        A     SkITCH    FOB     THK     UsB    OF 

Students.  By  T.  G.  Bossky,  M.A.,  F.G.S.,  eta,  Tutor  and 
Lecturer  in  Natural  Science,  St  John's  College,  Cambridge. 
(Deighton,  Bell  &  Co.,  1875.) 

THIS  sketch  of  Cambridgeshire  Greology  is  stated  in  the  preface  to 
have  been  published  to  give  to  banners  some  information  on 
the  local  geology  of  this  district.     A  pamphlet  on  this  subject  was 
privat<^ly  printed  by  the  late  Prof.  Sedgwick  in  1861.     Since  that 
period  many  papers  have  been  written  on  the  geology  of  thi»  part 
of  England.     Mr.  Bonney  gives  a  short  account  of  the  strata  of  the 
Mesozoic  period,  and  the  nature  of  their  variation  when  traced 
diagonally  across  England  from  the  southern  counties.    The  physical 
geography  of  the  Cambridge  district  is  thus  deeoribed :  "  The  valley 
of  the  Cam  is  a  wide  alluvial  plain,  bounded  on  the  eastern  side  by 
a  clearly-marked  escarpment  of  the  Lower  Chalk,  on  the  western  by 
a  more  irregular  hilly  district,  consisting  partly  of  outliers  of  Lower 
Chalk,  partly  of  inferior  deposits  capped  by  Boulder-day.     The 
right  bank  of  the  valley  is  formed  by  the  edge  of  the  great  Chalk 
plateau,  which  has  been  corroded  by  the  action  of  rain  and  rivers 
into  undulating  hills  and  valleys.     From  this  Chalk  plateau  sundiy 
streams  descend  towards  the  Cam,  forming  wide  valleys  with  shelv- 
ing sides,  occupied  in  places  by  alluvial  deposits.    The  fen  land  does 
not  extend  to  Cambridge,  its  nearest  inlets  are  four  to  five  miles 
distant ;  thence  it  extends  to  the  sea,  as  a  widespread  tract  of  per- 
fectly flat  land,  scarcely  above  the  sea-level."    Next  follows  a  descrip- 
tion of  the  Jurassic  strata,  which,  in  the  neighbourhood  of  Cambridge, 
consists  of  a  vast  argillaceous  deposit,  with  a  few  local  and  partial 
calciireoiis  beds,  the  lower  part  of  which  is  Oxford  Clay,  and  the 
upper  part  is  Kimmeridge  Clay ;  in  some  places  these  graduate  one 
into  the  other,  without  any  very  clear  line  of  demarcation.     Tlie 
lower  bods  of  the  Oxford  Clay,  containing  A.  Dtincani,  etc.,  may  be 
seen  at  St.  Xeots ;  the  higher  beds  at  St.  Ives,  where  the  de^wsit 
consists  of  a  pale  bluish-grey  fine  clay,  with  occasional  calcareous 
concretions,  crystals  of  selenite,  and  lumps  of  pyrites  often  altered 
into  liinonite.     Gryphea  dilatata  is  very  abundant,  also  Am,  cordatuf, 
Mariw,  Eugenii  and  Hecticus,  and  Belemnites  haatatua.     The  most 
important  of  the  calcareous  zones  is  that  at  Elsworth,  described  by 
Prof.  Seeley  (Ann.  and  Mag.  Nat.  Ilist.  ser.  iii.  vol.  x.  p.  98).     llie 
Transition  Clay  has  been  called  by  Prof.  Seeley  Ampthill  Clay.   Near 
Upware  there  is  a  low  broad  ridge  of  Limestone,  which  Mr.  Bonney 
regards  as  a  representative  of  the  Coralline  Oolite. 

Tlio  Kimmeridge  Clay  is  best  seen  at  Roslyn  Pit,  near  Ely.  It 
is  of  a  bluish-black  colour,  containing  Septaria.  Among  the  fossils 
are  Lingnla  ovaUs,  Ostrea  deltoidea,  Exogyra  virgula,  Am,  hiplex, 
TngonelliteB  latvs,  and  several  genera  of  fishes  and  reptiles. 
The  Neocomian  deposits  of  Potton  and  Upware  are  next  described. 

;  Bonney  adopts  the  same  view  with  regard  to  the  age  of  these 


Reviews — Bev.  T.  Q.  Bonney^e  Cambridgeshire  Oeologj/.    123 

deposits  as  that  expressed  in  papers  which  have  appeared  in  this 
Haoazinb.     The  Gkult  in  this  district  is  described  as  a  pale  bluish- 
grey  tenacious  clay,  in  which  are  concretions  of  iron  pyrites,  small 
ciystals  of  selenite,  and  light  brown  phosphatic  nodules  ;  its  thick- 
0668  at  Cambridge  is  about  115  feet,  near  Hitchin  214.     Its  upper 
nrfiioe  iR  uneven.    The  base  of  the  Gault  contains  several  fossils,  as 
boeeramus  caueentricmf  Nucula  pectinata,  Belemnitea  minimus,  etc. 
Besting  on  the  eroded  surface  of  the  Oault  there  is  a  stratum  barely 
a  foot  in  thickness,  full  of  green  grains  of  glauconite  and  black 
nodules  of  phosphate  of  lime,  looking  like  a  sediment  from  the 
purer   marl   above ;     it    contains   erratic   boulders   covered    with 
Flieaitda  sigillina,  as  was  pointed  out  by  Prof.  Seeley  in  the  third 
volume  of  this  Magazine.    This  bed  is  remarkable  for  the  number 
of  fossil  fishes,  Deinosaurs^  Omithosaurs,  Chelonians,  etc.,  which  it 
contains;  Mollusca,  Crustacea,  Coelenterata,  Foraminifera,  are  also 
abondant.    Mr.  Bonney  supposes  the  phosphatic  nodules  to  have 
been  formed  by  concretionary  action.     He  regards  some  of  the 
fossils  as  having  been  derived  from  the  Gault     We  cannot  agree 
with  him  in  calling  this  seam  Chloritic-marl ;  as  the  fossils  proper  to 
the  bed  are  those  of  the  Chalk-marl,  and  the  characteristic  fossils  of 
the  Chloritic-marl  are  almost  entirely  absent.     The  Chalk  round 
Cambridge  contains   Holaster  subglobosus,  Inoceramus   Cuvieri,  etc. 
(see  Seeley,  Obol.  Mao.  Vol.  I.  p.  163).     The  Post-Pliocene  de- 
posits of  Cambridgeshire  are  described  in  the  following  order : — 
1.  Boulder-clay.     2.  Coarse  Hill  Gravel.     3.  Fine  Gravel  of  the 
Plains — this  is  well  seen  at  the  Barnwell  Gravel  Pit ;   it  contains 
Cyrena  fiuminalis,    Hydrohia    marginata    and    Unio   littoralisy    all 
now  extinct  in   England;    along  with  these  are  found   existing 
species  of  land  and  fresh-water  shells,  and  bones  of  Bos,  Equus, 
Skinoceras  tichorhinm,   Elephas,   Hippopotamus,   etc. ;    flint  imple- 
ments have  also  been  found.     A  deposit  of  gravel  at  March  contains 
marine  shells.     4.  Older  Peat.     6.  Battery  Clay.     6.  Newer  Peat. 
Next  follow  five  appendices  to  the  work.     Tlie  first  contains  an 
account  of  the  Upware  Sections,  with  which  the  readers  of  this 
Magazine  are  well  acquainted.  vThe  second,  an  account  of  the  Koslyn 
Pit,  Ely,  reprinted  from  this  Magazine.     Third,  a  short  account  of 
the  Hunstanton  Red  Bock,  which  Mr.  Bonney  considers  probably 
to  represent  palssontologically  the  Cambridge  Green  sand.     Fourth, 
on  the  Water  Supply  of  Cambridge,  which  is  derived  from  three 
sources :    1.  Old  river  gravels :   2.  From  springs  at  the  base  of  the 
Lower  Chalk ;  3.  From  artesian  wells  driven  through  the  Gault  into 
the  Neocomian  Sands  from  100  ft.  to  150  ft.  deep.     Fifth,  on  the 
Building  Stones,  etc.,  employed  in  Cambridge — the  white  bricks 
from  the  Gault ;  red  bricks  of  St.  John's  College  from  London  Clay 
of  Suffolk  ;  Magnesian  Limestone,  the  lower  part  of  King's  College 
Chapel ;  Inferior  Oolite  from  Aislaby,  near  Whitby,  great  room  of 
University  Library  and  Woodwardian  Museum  ;  Lincolnshire  Lime- 
stone, King's  College  Chapel,  New  Courts  of  St  John's  and  Trinity, 
etc. :   Bath   Oolite,    University  Press   and  Observatory  ;   Portland 
Oolite,  Senate  House,  facade  of  University  Library,  Fitzwilliam 
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Musoum,  Fellows'  buildings  of  King's  College;  Lower  Chalk,  in- 
Wrtor  of  several  chnrches ;  it  is  called  Clnncli. 

This  work,  along  with  Mr.  Whitaker's  list  of  geological  papers  on 
(Vinbridgeshire,  will  not  only  be  very  useful  to  students  at  Cam- 
bridge reading  for  the  University  examinations,  but  will  also  be 
wry  interesting  to  old  members  of  the  University,  and  we  can 
strongly  recommend  it  to  readers  of  this  Magazine  who  wish  to 
obtain  a  clear  and  correct  view  of  what  is  at  present  known  of  the 
Geology  of  Cambridgeshire,  as  a  carefully  prepared  and  well-written 
book.  J.  F.  W. 


IT. — On  thk  Oboantzation  of  thi  Obnithosaubia.  Linnean 
Society's  Journal— Zoology.  Vol.  XIII.  1876.  ppw  84r-107. 
By  Professor  H.  G.  Skblky,  F.L.S.,  F.Z.S.,  F.G.S. 

THIS  is  an  important  paper  upon  an  interesting  palseontolo^cal 
subject,  for  but  in  few  instances  have  the  hard  lines  of  dassifi- 
oition  been  more  difficult  to  define,  or  have  led  to  greater  divergence 
of  opinion  among  the  most  eminent  of  European  naturalists,  past 
and  present,  than  has  that  of  the  natural  position  of  the  Pterodactyles 
in  regard  to  their  afiSnities :  whether  they  should  be  classed  with  the 
Birds  on  the  one  hand,  or  with  the  Reptiles  on  the  other.     It  is  true 
that  the  weight  of   authority,   whilst  admitting  some   important 
anomalies  in  their  organization,  refer  them  to  the  latter  class.     Prof. 
Owen's  name  of  Pterosauria  being  generally  accepted  for  the  group. 
But  other  naturalists  consider  that  their  peculiar  organization,  as  de- 
duced from  their  osteological  remains,  entitle  them  to  be  elevated 
into  a  distinct  group  or  Order,  intermediate  between  birds  and  reptiles, 
and  for  which  group  the  designation  Ornithosauria  was  proposed  by 
Prince  Charles  Buonaparte  in  1838.     Among  the  advocates  of  these 
views  is  the  author  of  the  memoir  under  consideration,  and  in  which 
he  maintains,  aided  by  further  observations  and  additional  facts,  the 
opinions  enunciated  some  seven  years  ago  in  his  useful  and  interest- 
ing work  on  the  Ornithosauria  in  the  Woodwardian  Museum,  Cam- 
bridge (see  notice  in  Geol.  Mao.  Vol.  VII.  p.  341). 

From  careful  comparisons  of  the  various  bones  of  the  skeleton  of 
these  extinct  volants  ^vith  the  corresponding  bones  in  birds  and 
reptiles,  he  here  describes  in  detail  the  points  in  which  they  most 
resemble,  or  depart  from,  the  typical  characteristics  of  the  groups 
with  which  they  have  been  compared;  and  maintains  that  the  results 
of  his  later  examinations  confirm  his  previous  convictions,  and  fully 
demonstrate  that  the  organization  of  these  old  volants  was  decidedly 
more  avian  than  reptilian. 

The  most  important  characters  upon  which  he  relies  for  the  claims 
of  the  Pterodactylia  to  be  classified  as  a  distinct  Order,  are  the  pneu- 
matic foramina  and  the  form  of  the  brain -cavity,  believing  that 
"brains  and  lungs  are  organs  of  incomparably  greater  value  in 
questions  of  organization  "  than  manus  or  pes, — organs,  in  which, 
aocording  to  Prof.  Huxley,  the  Pterodactyles  depart  most  widely  from 
the  ornithic  type. 

With  regard  to  the  pneumatic  foramina,  he  asserts  that  they  are 
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essentially  avian  in  charactery  and  are  not  V  adaptive  modifications," 

\o  any  reptilian  form  "  consequent  upon  the  parts  of  the  body  having 

hd  to  perform   identical  liinctions — seeing  that   the    Cheiroptera 

among  mammals  have  great  powers  of  flight  without  the  skeleton 

being  pneumatic"  Upon  this  character  he  also  further  remarks :  '*The 

pneumatic  foramina  of  Omithosaurs  so  closely  resemble  those  of. 

birds  in  almost  every  bone  of  the  skeleton,  that  the  resemblance 

often  amounts  to  complete  coincidence.    The  holes  are  usually  in 

exactly  the  same  positions  on  each  of  the  bones  in  botb  groups ;  and 

in  both  they  have  the  same  details  of  reticulate  structure.    It  must 

then  be  sonnd  physiology  to  infer  that  such  identity  of  structure  is 

dae  to  identical  causation."    These  well-ascertained  facts,  in  the 

aathor's  opinion,  tend  to  prove  that  the  respiratory  and  cuxsulatory 

organs  were  near  akin  to  those  of  the  bird,  and,  as  a  consequence, 

the  Omithosaurs  were  hot-blooded,  and  therefore  not  reptilian.   Prof. 

Huxley,  commenting  elsewhere  upon  the  high  development  of  these 

organs  in  the  Pterodactyles,  thinks  it  highly  probable  that  they  had 

hot  blood,  but  nevertheless  that  they  were  reptiles,  with  special 

modifications  for  special  purposes.    These  conclusions  Prof.  Seeley 

oontends  cannot  be  accepted. 

We  may  here  remark  that  Prof.  Owen,  in  his  latest  memoir  upon 
these  animals,  as  positively  maintains  that  their  affinities  are  reptilian 
i&ther  than  avian,  and  that  by  the  absence  of  feathers  as  a  heat-con- 
serving covering  they  were  also  cold-blooded.  It  is  a  remarkable 
iact  that  no  trace  of  scales,  hair,  or  feathers,  or  of  integumentary 
covering,  have  ever  been  found  associated  with  their  ostoologioal 
remains  in  deposits,  like  the  Solenhofen  Limestone,  so  peculiarly 
adapted  for  their  preservation. 

The  other  vital  character  that  Prof.  Seeley  advances  in  support  of 
his  argument  is  the  stucture  of  the  brain ;  the  evidence  for  which 
*"  rests  upon  the  form  of  the  cerebral  hemisphere  in  Pterodactylus 
longiroatris  and  other  specimens  from  the  lithographic  slate,"  on  a 
specimen  from  the  Wealden,  and  on  some  fragments  showing  por- 
tions of  the  brain-cavity  from  the  Cambridge  Upper  Greensand ; 
these  he  compares  with  the  brain-cavity  in  the  skull  of  an  Owl,  and 
folly  describes,  with  minute  anatomical  detail,  the  many  points  in 
which  the  structural  characters  are  common  to  both,  and  as  the 
result  of  these  comparisons  he  observes,  that  ''the  resemblance  of 
form  and  arrangement  of  parts  between  this  fossil  animal's  brain 
and  the  brain  of  a  bird  amounts,  as  far  as  the  evidence  goes,  to 
absolute  identity — the  cerebrum  being  the  cerebrum  of  a  bird,  the 
optic  lobes  those  of  a  bird,  and  the  cerebellum  that  of  a  bird,  no 
more  perfect  specimen  could  add  to  the  force  of  the  conclusion  that 
the  Ornithosaurian  brain  is  an  avian  brain  of  typical  structure." 
On  these  resemblances  in  vital  structure  chiefly  rests  the  claim  of 
the  Ornithosauria  to  be  classified  with  the  birdi,  which  if  allowed, 
they  are  only  separated  from  the  carinate  and  other  birds  by  such 
modifications  of  the  skeleton,  as  distinguish  Cetacea,  Carnivora,  and 
Monotremata  among  Mammals  from  each  other. 
The  recent  discovery  in  America  of  undoubted  omitMo  x^ix^i^ 
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^■>)n^.  in  addition  to  other  skeletal  modifications,  have  teeth  ivr^ 
y\\MK\v<\  in  sockets,  is.  as  far  as  it  goes,  another  point  in  favour 
N*u)>;  a  character  whioh  can  no  longer  be  used  as  an  argument  t  • 
|xi\*vo  that  the  Pten>iaoiyles  were  non-avian. 

Tho  skull,  the  niion>sc«.ipic  structure  of  the  teeth,  and  all  the  im 
|M>rtant  Ixines  of  the  skeleton,  notably  those  of  the  fore-linib.  hav« 
i>,vn  subjectetl  to  minute  examination  and  comparison  with  tlie 
is^rrt^pponding  parts  in  various  binls  and  reptiles ;  and  the  points  in 
which  they  mi>st  resemble  either  the  one  or  the  other  are  discussed 
tuul  amply  dilated  upon ;  but  upon  this  portion  of  the  subject  we 
oiinnot  enter  further  than  to  summarize  a  few  of  the  conclusions 
do  rived  from  the  study  of  these  remains.  With  regard  to  the  skull, 
it  is  observed,  "Every  point  of  the  Oniithosaurian  skull  upon  which 
1  have  not  offered  comment  presents  absolute  identity  with  the  cor- 
rosponding  structures  in  birds";  and  of  the  sacrum,  that  it  is 
•'  distinct  from  that  of  birds,  and  yet  altogether  unlike  the  sacrum  ot 
any  reptile."  That  "the  pectoral  and  sternal  bones  are  about  as 
markedly  a\ian  as  in  the  skull."  That  "the  pelvis  and  hind  limb 
are  the  least  reptilian  portions  of  the  Omithosaurian  skeleton,"  that 
•'  the  femur  is  in  no  respect  a  reptilian  bone,"  and  that  the  tibia  and 
fibula  are  altogether  avian,  so  much  so  that  in  many  genera  no 
anatomist  could  distinguish  them  from  the  same  bones  in  birds." 

These  avian  resemblances  are  not  advanced  by  Mr.  Seeley  as 
original  discoveries,  for  they  have  been  noticed  and  commented  upon 
by  Herman  von  Meyer  and  others,  but  who  have,  notwithstanding 
these  resemblances,  referred  them  to  the  class  reptilia. 

Without  committing  ourselves  to  any  opinion  on  the  subject,  we 
can,  without  hesitation,  recommend  those  students  who  desire  full 
information  upon  the  many  points  advanced,  from  original  observa- 
tions and  study,  in  support  of  the  ornithic  affinities  of  these  interesting 
extinct  animals,  to  read  Mr.  Seeley *s  paper.  It  is  clearly  written  ami 
nrgumentative,  and  is  a  valuable  contribution  to  the  literature  of  the 
Pterodactyles.  W.  D. 

Geological  Society  of  London. — January  24th,  1877. — Prof 
r.  Martin  Duncan,  ^I.B.,  F.K.S.,  President,  in  the  Chair.  The 
following  communications  were  read  :  — 

1.  ••  Note  on  tho  Question  of  the  Glacial  or  Volcanic  Origin  of  the 
Tiilchir  Boulder-bed  of  India  and  the  Karoo  Boulder-bed  of  South 
Africa."     By  H.  F.  Blanford,  Esq.,  F.G.S. 

The  author,  referring  to  a  doubt  expressed  by  the  President  in  a 
paper  on  Australian  Tertiary  Corals  as  to  the  glacial  origin  of  the 
Talchir  Boulder-bed,  indicated  the  hypothesis  of  its  formation  b} 
the  action  of  local  glaciers  under  present  cliniatal  conditions  would 
riHpiire  the  elevation  of  the  whole  region  to  the  extent  of  14,000  oi 
ITi.OOO  feet,  and  the  assumption  that  the  denudation  of  this  great 
mountain  mass  was  so  moderate  that  large  tracts  of  the  ancieni 
«ur£uu90  are  still  preserved  at  levels  now  only  a  few  hundred  feet 
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iboTe  the  sea.    This  the  author  regarded  as  very  improbable.     He 

•ssomed  that  the  President,  rejecting  the  evidence  adduced  by 

Various  writers  in  favour  of  the  glacial  origin  of  the  Talchir  and 

£aroo  Boulder-beds,  was  inclined  to  fall  back  upon  the  notion  of 

their  being  of  yolcanio  origin,  and  quoted  a  letter  from  Mr.  King, 

vrho  had  described  the  Talchir  rocks  of  Eamaram  as  trappean,  in 

^which  that  gentleman  stated  that  the  rocks  so  interpreted  by  him 

prove  to  be  dark  green  and  brownish  mudstone.     ELe  cited  furtlier 

eyidenoe  of  like  nature,  and  concluded  that  the  ascription  of  a 

volcanic  origin  to  these  boulder-beds  was  probably  in  all  cases  due 

to  similar  misinterpretations. 

The  President,  having  quitted  the  chair,  stated  that  in  the  remarks 
lie  had  made  he  had  no  wish  to  dogmatize,  as  the  author  seemed  to 
think;  and  further,  that  those  remarks  were  not  made  by  him  as 
President,  but  as  a  simple  Fellow  of  the  Society,  in  a  paper  written 
before  he  had  the  honour  of  filling  the  office  of  President.     In 
connexion  with  the  assumed  improbability  of  a  change  of  level  to 
the  extent  of  14,000  or  15,000  feet,  required,  according  to  the 
author,  by  the  hypothesis  that  the  beds  referred  to  were  formed  by 
local  glaciers,  he  noticed  that  there  was  in  the  immediate  neigh- 
bourhood of  some  of  these  deposits  a  fault  with  a  downthrow  of 
12,000  feet,  so  that  such  changes  were  at  all  events  not  impossible. 
He  remarked  that  as  Professor  at  Cooper's  Hill  he  had  prepared  an 
abstract  of  all  that  had  been  written  on  the  geology  of  India,  and 
in  so  doing  had  made  a  selection  of  the  different  views  that  had 
been  expressed  by  Indian  geological  surveyors  as  to  the  nature  of 
the  beds  in  question,  but  found  their  opinions  so  strikingly  divergent 
that  he  was  forced  to  go  back  to  the  facts.     He  described  the  range 
of  the  great  Talchir  formation  from  the  Sone  river  in  the  north  to 
Hyderabad  in  the  south-east  and  the  Nerbudda  in  the  north,  and 
stated  that  throughout  the  whole  region  the  plant-bearing  series  is 
underlain  by  crystalline  rocks,  except  in  one  instance  by  Vindhyan 
rocks.     The  Coal-bearing  series  is  found  in  basins  or  broken  seg- 
ments between  great  faults,  the  whole  country,  in  fact,  being  much 
broken.     The  succession  of  the  beds  he  described  as  follows: — At 
the  top  the  Panchet  beds,  then  the  Barakar,  and  at  the  bottom  the 
Talchir  deposits  about  600-800  feet  thick,  having  as  their  lowest 
member  a  bed  consisting  of  boulders  united  by  a  sandy  silt.     To- 
wards the  Nerbudda  it  was  possible  to  trace  within  a  few  miles  the 
source  from  which  the  blocks  had  been  derived.     The  boulder-bed 
presented  a  close  resemblance  to  an  old  shore-deposit,  but  to  this 
might  be  objected  the  large  size  and  angularity  of  the  blocks,  many 
of  which  must  have  travelled  far,  and  some  of  which  are  scratched. 
The  underlying  rocks  are  sometimes  grooved.     The  deposit  occurs 
over  an  immense  area,  and  its  formation  must  have  occupied  much 
time,  and  some  forces  must  have  been  at  work  to  bring  the  blocks 
down  and  scratch  them.     Some  Indian  surveyors  have  referred  their 
presence  to  the  action  of  shore-ice.     He  maintained  that  scratching 
and  angularity  do  not  necessarily  imply  ice-action.     With  regard  to 
the  grooving  of  the  underlying  rook,  he  remarked  that  on.  look^ 
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coasts  instances  are  not  uncommon  of  the  prodnotion  of  grooves  at 
T\^\\t  angles  to  the  shore  by  tidal  action  and  moving  stones,  in  his 
opinion  the  deposits  had  been  formed,  as  long  ago  suggested  by 
Mr.  Ball,  by  a  combination  of  marine  and  land  denudation,  and  he 
had  certainly  never  suggested  that  they  could  be  of  volcanic  origin. 
The  so-called  Karoo  boulder-beds  he  thought  are  either  breociat«d 
traps  or  metamorphosed  rocks  into  which  the  felspathic  element 
largely  enters. 

2.  *<0n  British  Cretaceous  Patelloid  Gasteropoda."  By  Johi 
Starkie  Gardner,  Esq.,  F.G.S. 

In  this  paper  the  author  commenced  by  a  general  statement  as  t 
the  classification  of  the  forms  to  be  described  in  it,  which  be  referre 
to  the  families  Fatellidse,  Fissurellidse,  Galyptrseidae,  tuid  Capulidfl 
He  noticed  thirty  species,  which  are  mostly  of  rare  occurrence ;  an 
nineteen  of  these  were  described  as  new.  Four  genera  wei 
indicated  as  new  to  the  Cretaceous  series,  and  one  as  new  to  U 
Cretaceous  in  England.  The  new  species  were  Acmaa  formosa  ax 
plana,  JSelcion  3Ieyert,  Aniaomyon  vectis,  Scurria  calyptrai/ormts  ai 
depressa,  Emarginula  puncturelia,  diviaienstSf  ancistra,  Afeyeri,  at 
nnicoatataf  Puncturelia  antiqua,  Calyptraa  coneenirtea,  Crepidu 
chamaformtSf  CrueibtUum  giganteum,  Pileopna  neocomientis,  dubi 
and  Seeleyiy  and  Hipponyx  Dixoni.  Most  of  the  Patellidse  we 
from  the  Neocomian,  and  the  majority  of  the  Fissurellidsd  from  tl 
Upper  Greensand ;  the  species  of  the  other  two  families  were  sea 
tered  through  the  series.  The  author  referred  to  the  indications 
depth  of  deposit  and  other  conditions  furnished  by  these  Mollusc 
and  also  to  the  resemblance  presented  by  many  of  them  to  ceiia 
bivalves  common  in  the  same  rocks,  which  he  regarded  as  a  sort 
mimicry. 

3.  "  Observations  on  remains  of  the  Mammoth  and  other  Mamma 
from  Northern  Spain."  By  A.  Leith  Adams,  Esq.,  M.B.,  FJELi 
F.G.S. 

The  remains  noticed  in  this  paper  were  obtained  by  MM.  O'Reil 
and  Sullivan  in  a  cavern  discovered  at  about  twelve  metres  from  tl 
surface,  in  the  valley  of  Udias,  near  Santander,  by  a  boring  ma< 
through  limestone  in  search  of  calamine.  They  were  found  close 
a  mound  of  soil  which  had  fallen  down  a  funnel  at  one  end  of  tl 
cavity,  and  more  or  less  buried  in  a  bed  of  calamine  which  coven 
the  floor.  The  cavern  was  evidently  an  enlarged  joint  or  roc) 
fissure,  into  which  the  entire  carcases,  or  else  the  living  animal 
had  been  precipitated  from  time  to  time.  The  author  had  identific 
among  these  remains  numerous  portions,  including  teeth,  of  Elephi 
primigentua,  which  is  important  as  furnishing  the  first  instan< 
of  the  occurrence  of  that  animal  in  Spain.  He  also  recorded  B 
primigenius  and  Cervtu  elaphua  (?),  and  stated  that  MM.  O'Reilly  ai 
Sullivan  mention  a  long  curved  tooth  which  he  thought  might  be 
canine  of  Hippopotamus, 
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610LO018T8'  Association,  TTniysbsitt  Gollegk,  5th  Jan.,  1877. — 

Whliax  Cabbuthkbs,  Esq.,  F.B.S.,  F.O.S.,  President,  in  ihe  Chair. 

A  paper  was  read  by  J.  Stabkix  Oabdmeb,  Esq.,  F.O.S.,  *'  On  the 

Bournemouth  Leaf-Beds."    The  author  described  the  natare  of 

the  operations  in  the  Bournemouth  Leaf-Beds  which  he  has  been 

canyiog  on  for  some  years  past,  and  explained  that,  having  spent 

•ome  time  with  the  President,  Mr.  Carruthers,  at  Poole  Harbour  in 

the  gammer  of  1876,  he  had  been  requested  by  him  to  give  some 

accoimt  of   this  most   interesting  pal8Bobotanic€il  locality  to   the 

members  of  the  G^logists'  Association.    Having  given  some  general 

description  of  the  locality,  he  said :  If  we  examine  these  cliffs  and 

hoiks,  we  find  them  composed  of  days  dark  or  white,  or  red  and 

white  mottled,  of  layers  of  coarse  grey  grit  and  of  sands  of  every 

Bhade  of  red  and  yellow,  white,  and  variegated.     Often  the  sands 

We  angular  lumps  of  clay  imbedded  in  them.     The  quarrying  is 

iDostly  done  in  open  pits,  the  elay  being  dug  out  perpendicularly 

with  a  long  and  ncurrow  spade.     Some  of  the  deeper  seams  are 

i&ined,  and  a  considerable  depth  is  reached  in  Mr.  Pike's  workings, 

ind  at  Branksea  similar  pipe-day  is  worked  under  the  sea-level. 

Overlying  the  pipe-days  we  find  another  series  of  deposits,  which 
ue  not  here  quarried  for  use,  but  looked  upon  as  refuse ;  but  near 
Bonmemouth  they  are  dug  into  in  many  places  for  the  brick-earth 
contained  in  them.  They  are  easily  distinguished  by  the  darker 
colonr  and  more  sandy  nature  of  the  clays.  These  drab  clay-basins 
«re  of  smaller  extent,  and  are  full  of  remains  of  decayed  leaves,  and 
kve  actual  seams  of  coal  in  them,  which  is  burnt  by  the  villagers. 
In  the  sheltered  bay  of  Studland  we  can  see  but  little  of  the  cliffs, 
as  they  are  now  mostly  overgrown  to  the  very  beach.  One  is  struck, 
however,  by  the  coloured  sands,  which  forcibly  remind  those  who  are 
^miliar  with  them  of  the  still  more  brilliant  hues  of  the  sands  at 
Alum  Bay. 

Being  ferried  across  the  inlet  of  Poole  Harbour,  and  walking  along 
the  beach  towards  Bournemouth,  we  find  the  coast  for  the  first  mile 
composed  of  hills  of  blown  sand,  beyond  which  the  cliffs  wo  have 
been  viewing  from  a  distance  rapidly  rise.  These  cliffs  are  them- 
selves of  rather  monotonous  appearance,  being  devoid  of  the 
brilliant  colouring  so  conspicuous  at  Alum  and  Studland  Bays. 
Their  colour  varies  from  buff  to  white,  and  from  white  to  slate 
colour.  We  notice  apparently  endless  successions  of  clays,  sands, 
and  grits  deposited  at  different  angles,  and  without  any  single  bed 
!  being  traceable  for  more  than  a  few  yards.  The  diffs,  preserving 
the  same  diaracters  for  a  distance  of  four  miles,  extend  to  near 
Boecombe,  where  we  notice  a  change  in  their  composition.  The  clays 
are  black  and  still  more  sandy,  the  upper  parts  of  the  cliffs  are  tar 
less  Bteep  and  seem  composed  of  loose  white  sands  and  shingle  with 
» thick  capping  of  gravel. 

Still  further  to  the  east  these  beds  disappear  beneath  the  sea  in 
consequence  of  the  general  dip  of  the  strata.  The  sand  beds  which 
follow,  where  they  cap  the  cliffs,  are  recognized  from  a  distance  by 
their  greater  slope  from  the  cliff  shorewards,  for  they  are  so  loosely 
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composed  that  every  n-ind  blows  the  sand  away  in  clouds,  and  leavos 
the  shingle  to  rattle  down  upon  the  beach.  So  loose  is  this  materiil 
that  that  part  of  the  coast -line  which  had  cliffs  composed  of  this 
sand  has  now  Init  an  insignificant  height ;  the  sand  has  been  blown 
away  by  wind  and  wasted  by  rain,  until  the  shingle  has  been  left 
dix^pping  lower  and  lower,  and  the  stones  which  neither  wind  nor 
raiu  could  iiffect  have  come  closer  and  closer  together.  This  is  the 
cause  of  the  land  connecting  Hengistbury  Head  being  much  lowtir 
than  any  other  iu  the  neighbourhood.  Tlie  shingly  beds  are  ancieni 
sea-beaches,  and  their  slope  to  the  ancient  sea  can  still  be  seen  in 
places.  So  long  have  they  been  exposed  that  the  flint  pebbles  in 
them  are  sometimes  almost  decomposed,  the  familiar  white  coating 
to  the  flints  being  an  inch  or  more  thick.  This  shingle,  which  is 
coiu(K)sed  of  rounded  pebbles,  that  tell  the  tale  of  a  long  rolling  on 
the  uld  sea-l>each.  is  now  the  source  of  the  pebbles  on  the  present 
beach,  and  the  rounded  condition  of  these  pebbles  on  this  pait  of 
the  (Kiast  is  not,  as  on  the  shore  further  towards  Poole,  or  as  at 
Brighton,  the  result  of  present  wave-action,  although  the  existing 
sea  has  undoubtedly  reduced  the  pebbles  in  size.  They  cannot  be 
confounded  with  the  later  angular  river-gravels  which  evezywheie 
cover  this  area. 

At  the  peuiusula  of  Hengistbury  Head,  about  six  miles  beyond 
Bournemouth,  the  cliffs  again  rise,  being  at  first  composed  of  black, 
chocttlate-ci^loured,  and  white  sands  with  pebbles,  and  farther  on  of 
green  clayey  sands  containing  nodules  of  large  irregularly-shaped 
concretions  of  sandy,  argillaceous  ironstone  disposed  in  layers. 
Beyond  Christohurch  Hailx)ur  we  have  cliffs  of  white  sand,  which, 
acct^nlinj;  to  mv  views,  close  the  series. 

Inland  tlie  country  has  a  Itarren  appearance  except  in  the  plania- 
tions.  and  the  scattered  brick -pits  afford  no  additional  informatian  of 
use  to  us  in  our  present  reseaix^hcs. 


FRESHWATER. 


MARINE 


Fio.  1. 


In  the  above  rouph  diagram  (Fig.  1)  the  lower  fresh-water 
is  seen  in  the  nei<i^hbourhood  of  Corfe,  and  forms  part  of  the  dli£b  aft 
Studland.  It  is  marked  by  beds  of  pipe-clay,  and  lias  a  thickness  of 
200  feet  or  more. 

Near  Corfe  and  Studland  the  middle  fresh- water  series  is  met  with, 
forming  the  whole  thickness  of  the  cliffs  between  Poole  Harbour  and 
Bournemouth, — the  section  being  four  miles  long  and  100  feet 
hi^h.  Their  entire  thickness  cannot  yet  be  accurately  stated,  bat 
may  lu*  imt  down  at  some  300  feet.  They  are  characterized  by  the 
fact  that  the  cluys  contained  iu  them  are  usually  brick-earth. 


133 


Beports  and  Proeeedhufa — 


The  next  Beries  above  is  k  marine  Mrien,  and  is  some  400  or  500 
feet  thick.  The  base  bede  are  dark  annds  and  olaja,  succeeded  bj 
pebble-beds  and  sands,  then  more  sandy  clays  with  pebbles,  sod 
ending  with  a  thick  deposit  of  white  sands.  This  marine  portion  of 
the  series  nccapiee  the  cliflla  between  Boscombe  and  High  Cliff. 

Plain  as  this  order  of  deposition  appeara,  we  have  collateral  proof 
that  this  interpretation  is  right,  for  at  Alum  Bay  there  is  a  complela 
section  of  the  whole  of  tbese  beds,  although  somewhat  tliinned  out, 
and  npheaTed  vertically.  We  see  in  succession  the  lower  pipe-clija, 
the  brilliant  sands,  the  darker  clays,  sands,  pebble-beds,  one  afterlbe 
Other,  and  can  examine  them  all  in  detail  within  the  space  of  s  fsv 
hundred  yards. 

The  thick  pipe-clays  and  qnartzose  grits  which  we  find  at  the 
bottom  of  the  serin  oan  without  the  slightest  hesitation  be  referred 
to  the  result  of  the  wearing  away  of  granite  reck. 


LEAVES  OF  DICOTYLEDONS. 

Fio.  3. 

At  Studland  the  grits  are  not  eo  coarse,  and  at  Alnm  Bay,  a  loP^ 
way  east,  the  eands  are  very  fine,  so  that  any  one  knowing  the  di*" 
trict  could  tell  which  of  these  specimens  came  from  either  place. 

These  days  extend   under  the  surface,   eastward,  for  they  a^ 
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ked  at  Branksea  below  the  sea-level,  at  Parkstone,  and  near 
irne.  At  Alum  Bay  they  are  tilted  up,  and  are  full  of  beautiful 
dl  leaves.  (See  Woodcuts  Figs.  3  and  5.) 
Hie  series  of  beds  above  are  of  a  different  oharaoteri  and 
rk  a  great  change  in  the  conditions  of  the  land,  from  a  valley  in 
lich  the  previous  beds  were  deposited,  to  a  broad  low-lying  tract 
proximity  to  the  sea.  We  believe  we  can  trace  how  this  tract 
same  gradually  lowered  and  lowered  down  to  the  sea-leveL 
The  conclusion  as  to  the  gradual  lowering  of  the  land  in  this 
ia  is  borne  out  by  the  fact  that  in  the  cli£fs  near  Poole,  which  are 
ghtly  lower  in  position  than  those  fisuiiher  east,  we  get  only  leaves 
evergreens  and  forest  trees,  whilst  as  we  work  our  way  east  so 
to  meet  with  beds  on  a  higher  level,  or,  which  is  the  same  thing, 
more  recent  age,  we  get  a  mixture  of  ferns  and  other  plants, 
aich  r^uire  much  moisture;  whilst  further  east  still  we  get  assem- 
iges  of  plants  that  could  only  have  lived  in  absolute  swamps. 
Low  as  the  land  appears  to  have  become,  we  have  no  evidence 
latever,  throughout  the  whole  thickness  of  this  part  of  the  series, 
counting  to  300  feet  at  least,  with  one  exception,  that  it  was  low 
ongh  to  be  inundated  by  the  sea,  as  the  few  shells  that  have  been 
md  are  of  fresh-water  kinds.  The  exception  is  the  occurrence  of 
;8  of  wood  bored  by  the  Teredo.  All  the  ship- worms  generally 
own  to  us  live  only  in  salt  water,  and  are  so  delicately  organized 
it  the  slightest  mixture  of  fresh  water  instantly  kills  them.  This 
lated  fact  for  some  time  pi'esented  a  grave  difficulty ;  but  happen- 
l  to  read  Mr.  Gwyn  Jeffreys'  interesting  account  of  the  habits  of 
8  creature,  I  not  only  found  that  he  relates  the  occurrence  of  simi- 
ly-bored  wood  300  miles  up  the  river  Gambia,  but  distinctly 
tea  that  there  is  a  species  which  lives  in  fresh  water.  Therefore 
s  supposed  marine  indication  may  be  on  his  authority  removed, 
I  supposing  this  theory  should  be  verified  and  accepted,  we  may 
ely  infer  that  these  middle  beds  are  of  fresh-water  origin, 
^e  now  come  to  the  third  series  of  beds.  A  still  continued  sink- 
:  of  the  area  brought  this  swampy  condition  so  low  that  the  sea 
8  no  longer  kept  out,  but,  bursting  through,  formed  great  salt- 
ter  lagoons  teeming  with  life ;  for  we  suddenly  find  crowds  of 
Hne  forms  imbedded  in  what  was  formerly  black  mud. 
in  this  series  of  marine  beds  we  have  at  the  bottom  lagoon  beds, 
1  call  them,  indicating  the  former  existence  of  mud-banks  left  dry 
shallow  between  each  returning  tide.  We  still  find  here  leaves 
trees,  many  of  them  doubtless  overhanging  the  lagoons,  which 
'e  so  slowly  decayed,  that  they  are  overgrown  with  Polyzoa; 
wds  of  oysters  are  met  with ;  we  find  the  remains  of  shore-crabs, 
ich  overran  the  muddy  shore  ;  CaUianasaa,  which  burrowed  in 
>  mud ;  Calyptnsa,  Area,  Corhula,  and  many  other  shell-bearing 
Uuscs.  This  lagoon  condition  went  on  until  the  gradual  sink- 
5  permitted  the  ever-encroaching  surf  to  break  over  the  lagoon 
trier,  to  rush  in  and  overwhelm  them  with  rolled  shingle  and  sea- 
id.  We  still  trace  the  lagoon  condition  for  a  mile  or  so  east, 
lere  it  is  represented  by  cigar-ash-coloured  sands,  ixn^t^^gi^^i^ 
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with  nit,  and  oolonred  wi&  the  dark  tint  of  oubonamons  mtttet. 
These  nnds  contain  vwj  perfect  remains  of  hrKnohee  of  a  ConifeiDn 
tree  resembling  the  genns  Daeriiimm  and  large  pieoea  of  Caetv.  It 
shonld  be  mentioned  tibat  thia  is  the  earliest  wctos  known,  and  thit 


the 


Fio.  4.— BRANCH   OF  CONIFER  (Tmeaiiim). 
spines  are  foand  to  be  still  flexible.     The  Mnds  aie  ii 


other 


places  crowded  with  fmits — probably  a  Pandanat  fruit  {Nipadilti)— 
resembling  those  met  with  at  Sheppey.  Unfortunately  the  salt  cod- 
tained  ia  tbem  eflSoreeces  and  splits  all  these  specimens  into  fng- 


GROUP  OF  MONOCOTYLEDONS 

Fio.  6. 

At  HenfriBtbnry  Head  we  have  deeper  eea-deposits,  with  sharks 

teeth  and  bones.    At  Higlicliff,  Bartun,  we  have  nlics  of  a  see 
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fwmning  with  life,  myriads  of  fotsil  shells  may  be  collected  finom  the 
cKffs,  whilst  still  fbrther  on,  at  Hordwell,  we  have  beds  showing 
tint  the  land  arose  again,  a£Ebrding  suitable  conditions  for  the 
growth  of  Inzmiant  palms,  and  was  the  haunt  of  the  alligator, 
turtle,  and  other  reptiles,  which  are  now  confined  to  tropical 
oaimtrie&' 


THE  OTOTA&A  SERIES,  NEW  ZEALAND. 

SiR,^ — ^In  the  last  received  OsoiiOOIoal  Magazine  for  Augnst  Capt. 
Button  takes  exception  to  my  note  appended  to  Mr.  H.  Woodward's 
psper  on  the  "  Fossil  Grab  of  New  Zealand.'' 

One  of  his  criticisms  I  admit  to  be  correct  No  distinct  Saurian 
hones  have  been  found  on  the  West  Coast  The  error  arose  from 
an  oversight  in  correcting  the  press,  as  the  remark  under  letter  h 
was  (Saurian  bedgy  Ammonites,  eta),  by  which  I  meant  to  indicate 
the  horizon  in  the  East  Ooast  section  of  the  same  formation,  as 
proved  by  associated  fossils. 

His  other  criticism  relates  to  the  presence  of  Secondary  fossils  in 

tbe  Ototara  group;  but  he  evidently  confounds  this  with  his  Oamaru 

tbnnation,  under  which  are  included  strata  of  both  later  and  earlier 

date,  while  loeaUUeB  are   excluded    where   Secondary    fossils  are 

found.    Thus  he  places  the  Oreensands  of  the  Oreen  Island  Brown 

Goal  in  his  Oamaru  formation,  although  they  contain  Bdemnitea, 

AncifloceraB  fibstel/arto,  and  other  Cretaceous  forms.     His  Oamaru 

Cape  beds  I  consider  to  be  Miocene,  while  tbe  Upper  Marls  at 

Amuri  Bluff,  which  Capt.  Button  places  in  his  Pareora  or  Miocene 

formation,  are  the  calcareous  Greensands  that  form  the  upper  part 

of  the  Chalk  formation,  with  Inoceramua  and  Pkuronectea  ZittelU, 

the  latter  found  ranging  through  the  whole  series ;  while  from  about 

the  middle  of  the  section  the  humerus  of  Palceeudyptea  antarctictis 

has  lately  been  found  by  Mr.  McKay,  making  the  third  locality  for 

this  fossil  bird  in  New  Zealand.      Other  cases  of  stratigraphioal 

confusion  might  be  stated,  showing  that  we  have  not  yet  acquired 

sufficient  data  for  classifying  our  later  formations  by  per-centages  of 

fossils  to  the  exclusion  of  stratigraphioal  evidence. 

Gbolooical  Surtby  Officb,  James  Hbctob. 

WELLOfOTOir,  lOM  Ifu9.f  1876. 


MB.  MILNE  ON  FLOATING  ICE. 
Sir, — I  am  sorry  that  Mr.  Milne  should  think  that  I  made  an 
"  unfair  comparison  "  in  testing  tbe  behaviour  of  the  floating  cone 
he  had  figured,  by  means  of  a  tetrahedron.  "  Comparisons  are '' 
always  "odious."  What  then  must  they  be  when  they  are  "unfair"? 
And  I  am  the  last  who  would  wish  intentionally  to  make  unfair  ones. 
The  truth  is  that  I  had  not  a  cone,  and  so  I  took  the  solid  nearest  in 
iU  proportions  to  Mr.  Milne's  figure,  and  I  submit  that  the  tetrahedron 
^as  quite  as  like  an  iceberg  as  the  cone  I 

^  See  also  Report  of   Mr.   Gardner*8  Lecture  in  the  January  Number  of  the 
OioL.  Mao.  (p.  23),  "  On  the  Tropical  Forests  of  liampshiro. 
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In  Fig.  2  Mr.  Milne  has  now  shown  us  the  highest  cone  which 
could  float  with  its  vertex  upwards  ;  and  thereby  proved  that  I  was 
right  in  saying  that  a  berg  of  the  **  shape  "  he  had  "  figured  "  in  his 
former  paper  ''would  not  remain  in  Uiat  position,  but  must  torn 
over." 

Your  readers  will  no  doubt  join  with  me  in  thanking  Mr.  Milne 
for  his  calculations,  which  I  conceive  may  be  thus  summarized.  If 
the 

(1)  Diameter  of  base  of  cone  of  ice  is  less  than  i  the  height,  it 
will  float  on  its  side, 

(2)  Diameter  is  greater  than  f  the  height,  it  will  float  with  its 
vertex  downwards. 

(3)  Diameter  is  greater  than  twice  the  height,  it  may  float  with  its 
base  downwards. 

(4)  Or,  since  this  case  is  included  in  (2),  it  ma/y  float  wiUi  its 
vertex  downwards. 

However,  when  the  diameter  is  only  a  little  greater  than  twice  the 
height,  it  would  appear  that  the  more  stable  position  of  the  two 
would  be  with  the  vertex  downwards.  0.  Fisher. 


MODERN  DENUDATION  IN  NORFOLK. 

Sib, — The  following  facts  concerning  recent  destruction  of  the 
Norfolk  cliifs  seem  to  be  of  sufficient  interest  to  induce  me  to  beg 
your  insertion  of  them  in  your  Magazine. 

On  Tuesday,  January  30th,  we  had  a  severe  gale,  whioh  did  much 
barm  all  along  the  coast.  The  coincidence  of  a  spring-tide  and  a 
high  wind  from  the  W.N.W.,  brought  the  sea  to  a  height  it  has  not 
been  known  to  reach  for  at  least  forty  years.  1  have  examinee 
the  coast  from  Hasborough  to  beyond  Sherringham,  and  the  damage 
done  is  marvellous.  Probably  the  loss  of  land  along  the  whole  lint 
of  coast  mentioned  may  be  estimated  at  a  yard.  At  the  life-boat  gaj 
Bacton  the  amount  that  has  gone  is  fifteen  yards,  and  a  strip  o 
alx)ut  that  width  is  missing  as  far  as  the  Walcot  gap  (three  furlongs) 
At  Bacton  the  clifls  are  low,  so  the  denudation  is  greater  than  ii 
other  parts. 

Mundesley  has  had  part  of  the  life-boat  gangway  swept  away,  anc 
some  walls  thrown  down,  besides  the  land  lost 

At  Cromer  people  are  congratulating  themselves  on  the  smal 
amount  of  damage  done  ;  it  is  said  that  £160  will  cover  it.  During 
the  gale  it  was  thought  that  the  jetty  would  be  pulled  up  bodily  b^ 
the  upward  force  of  the  waves;  but  fortunately  the  planks  gave  way 
and  there  are  only  about  fifty  missing.  The  gangway  at  the  norll 
end  of  the  town  has  been  swept  away ;  but  as  it  was  only  made  o 
earth,  that  will  not  much  matter. 

The  most  serious  loss  is  at  Lower  Sherringham.  There  Mr 
Upscher  has  lost  two  acres ;  nearly  all  the  sea-wall  has  been  swep 
away :  none  of  the  gangways  are  left ;  a  cottage  and  a  shed  hav< 
fallen  into  the  sea;  the  inn  on  the  cliff's  has  had  the  windows  broken 
and  is  in  a  very  unsafe  condition  ;  and  should  another  gale  occui 
now,  much  of  the  village  will  go. 
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dyboum  I  hear  that  the  sea  broke  through  the  beach  and 
:he  Coastguards'  cottages. 

of  the  fishermen  can  remember  a  tingle  tide  doing  so  much 
[  believe  a  yard  is  rather  more  than  the  estimated  yearly  loss 
And  Mr.  Upscher  informs  me  that  he  reckons  his  loss  of 
ing  the  past  sixty  years  to  be  thirty  acres  at  the  very  least 

ICAL  SUAYZT,  CbOMBB,  ClEHBNT    BeID. 

th  February,  1877. 

THE  TROPICAL  FORESTS  OP  HAMPSHIRE. 
-I  have  no  wish  to  enter  into  any  discussion  with  Mr.  Searles 
jun. ;  but  he  has,  it  seems  to  me,  written  to  you  upon  a 
on  which,  notwithstanding  his  large  store  of  geological 
ge,  he  appears  to  be  quite  unacquainted.  The  supposition, 
to  in  my  lecture  at  South  Kensington,  that  oscillations  of 
night  partly  account  for  the  varied  character  of  the  Bagshot 
s  partly  based  upon  and  supported  by  strong  negative  and 
sitive  evidence,  of  alternating  warmer  and  colder  conditions, 
il\  contained  not  only  in  English  Eocene,  but  all  Tertiary  beds 
)ut  the  world,  although  these  seem  to  have  escaped  Mr.  Wood's 
tion.  No  glacial  conditions  are  necessary  to  explain  any- 
nnected  wifii  the  Eocene  Floras ;  but  Mr.  Wood  cannot  surely 
that  the  Bagshot  leaves  from  the  London  basin  and  those 
umemouth  and  Alum  Bay  indicate  an  equal  temperature ;  or 

Fauna  of  the  llianet  sands,  Woolwich  beds,  and  London 
'  the   Bracklesham,   Headon,   Benibridge,  and  Hempstead 

not  make  plain  to  us  that  the  climatal  conditions  during 
sition  of  our  Eocene  series  differed  widely  at  each  period, 
econd  hypothesis,  that  of  the  existence  of  a  mean  annual 
:nre  which  permitted  the  growth  of  sub-tropical  and  more 
/e  forms  side  by  side,  is  supported  by  abundant  evidence,  and 
ae  by  which  Ettingshausen,  and  almost  every  continental 
i  who  has  devoted  himself  to  the  study  of  Tertiary  Floras, 
explain  the  universal  admixture  of  these  forms  at  that  time 
ir,  at  present,  temperate  climates.  Mr.  Searles  V.  Wood, 
ivever,  states  that  both  these  theories  are  "  remote  from  the 
md  proceeds  to  make  some  extraordinary  mis-statements 
•ocess  of  giving  what  he  believes  to  be  the  true  explanation, 
cpressing  the  total  thickness  of  these  beds,  which  reach 
000  feet,  as  "  upwards  of  200  *  feet,"  he  goes  on  to  say  that 
table  remains  have  been  drifted,  and  are  not  in  situ. 
^ood  can  never  have  personally  worked  at  these  beds,  or 
imined  collections  made  from  them  by  others,  or  he  could 

so  failed  to  comprehend  what  he  had  seen, 
►pears  not  to  be  at  all  aware  of  the  published  work  and  the 
)n8  of  those  who  have  studied  these  beds  in  England,  or  the 
eaf-bearing  Eocene  and  Miocene  beds  abroad ;  neither  can 
heard  or  read  the  statements  made  by  me  in  my  lecture,  or 
pendix  to  it  communicated  to  the  Geologists'  Association. 

ra«  a  Printer's  error ;  Mr.  Searles  V.  Wood,  jun.,  correctly  stated  the 
t  2000  feet,  see  his  letter  at  p,  141,  We  regret  the  mifitakfi  exQe»diA!^V{, 
X.  Mao. 
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The  leaves  bave  never  been  drifted  from  afar ;   tbey  are  often   '. 
still  adhering  to  the  twigs.     The  leaves  are  flat  and  perfect,  rarely 
even  rolled  and  crumpled,  as  dry  leaves  may  be,  if  falling  on  a  muddy 
surface ;   still  more   rarely  have  they  faJlen  edgeways  and  been 
imbedded  vertically.     They  are,  moreover,  not  variously  mixed,  ai 
they  should  be  if  they  had  been  carried  for  any  distance,  bat  are   i 
found  in  local  groups  of  species.     For  example,  all  the  leaves  of  < 
Caatanea  have  been  found  in  one  clay  patch,  with  Iriariea  and 
Gleichenta ;  none  of  these  have  been  found  elsewhere.   A  trilobed  leaf 
is  peculiar  to  Studland  ;  the  Alum  Bay  Aralia,  the  peculiar  form  of 
Proteacea,  the  great  FicuSj  and  other  leaves  occur  at  Alum  Bay  only.    \ 
Each  little  patch  at  Bournemouth    is  characterized  by  its  own    i 
peculiar  leaves.      Such  a  distribution   can  only  result  from  the    ■ 
proximity  of  the  trees  from  which  the  leaves  have  fallen.    The 
forms  of  most  temperate  aspect  are  best  preserved,  so  that,  to  be 
logically  applied,  the  Drift  theory  requires  the  palms,  etc.,  to  have 
been  drifted  upwards.    To  suppose  that  most  delicate  leaves  could 
have  been  brought  by  torrents  400  miles  from  Mull  or  200  mil^e 
from  Wales,  and  spread  out  horizontally  in  thousands,  without  crease 
or  crumple,  on  the  coast  of  Ilampshire,  may  be  a  feasible  theory  to 
Mr.  Searles  Y.  Wood,  jun.,  but  will  not  recommend  itself  to  the 
majority  of  thinkers.     But  without  invoking  these  lengthy  voyages, 
the  requisite  height  might  have  existed  near  at  hand  in  the  granite 
region  of  Devon,  during  the  Eocene  time.     However  this  may  be, 
so  obviously  simple  an  explanation  as  that  the  temperate  forms  grew 
on  high  ground  and  were   drifted  down  and  mingled  with  those 
Rowing  on  lower  levels,  had  of  course  e6cai}ed  no  worker  on  these 
or  similar  floras,  and  has  been  duly  considered  and  abandoned  by 
every  one.  J.  S.  Gabdneb. 


IS  THERE  A  BASE  TO  THE  CAEBOXIFEROUS  ROCKS  IX  TEESDALE? 

Sir, — Some  j'ears  ago,  when  out  on  a  geological  tour,  I  crosse<l 
over  tlio  Pennine  Chain  from  Appleb}',  in  Westmoreland,  to  High 
Force  in  Upper  Teesdalo.  My  route  was  first  along  the  Eden 
valley  plain  to  High  Cup  Gill  Beck;  next  up  the  side  of  this  Gill 
to  High  Cup  Nick,  at  the  head  of  the  Beck;  thence  across  to  Maize 
Beck,  wliich  is  a  tributary  to  the  Tees,  following  down  the  south 
side  of  this  beck  to  Caldron  Snout,  and  continuing  on  from  here 
down  the  side  of  the  Tees  to  the  old  Pencil  Mill,  where  my  attention 
was  arrested  by  observing  the  shale,  here  exposed,  to  have  a  striking 
resemblance  to  the  Silurian  shales  which  I  had  noticed  at  the  foot  of 
High  Cup  Gill,  on  the  other  side  of  the  chain,  and  at  other  places  in 
the  Lake  District,  also  on  the  east  side  of  this  district,  in  Wastdalc 
Beck,  near  Sliap  Wells.  The  Carboniferous  strata  rise  from  the 
vicinity  of  the  old  Pencil  Mill,  in  a  westerly  direction,  on  the 
line  of  the  route  just  sketched,  and  crop  out  on  the  west  slope  of  the 
chain  in  High  Cup  Gill  Beck,  where  there  is  to  be  mot  with  one  of 
the  finest  sections  of  the  Carboniferous  rocks  in  the  North  of  Eng- 
land.    In  the  lower  part  of  this  Gill  there  is  a  very  thick  section  of 


Correspondence — Mr.  W,  Gunn.  13d 

rian  rock  exposed.  The  north  side  of  Mnrton  Pike  forms  the 
h  side  of  the  Gill  here,  and  is  almost  entirely  Silurian  rock ; 
>ed,  the  west  side  of  this  Pike  is  wholly  Silurian  up  to  its  sum- 
Next,  further  up  the  Gill,  is  the  Old  Red  Sandstone.  Then 
i  higher  up  ooour  the  escarpments  of  the  alternating  limestones, 
dstones,  and  shales  of  the  Garhoniferous  series,  including  the 
Imerby  Scar  Limestone,  which  is  the  thickest  bed  of  limestone  on 
I  part  of  the  chain.  Above  this  series,  at  the  head  of  the  Gill,  we 
le  to  the  Whin  Sill,  where  a  considerable  quantity  of  its  debris 
I  at  its  foot.    More  Carboniferous  rocks  take  on  above  the  Whin 

I,  and  slope  backward  each  way  to  form  the  summit  of  the  ridge 
the  north  and  south  sides  of  the  Nick.    As  to  the  thickness  of 

strata  from  the  base  of  the  Carboniferous  rocks,  in  this  section, 
the  bottom  of  the  Whin  Sill,  I  cannot  do  more  than  give  a  pro- 
}le  estimate,  and  will  venture  to  put  it  down  at  about  1000  feet. 
)uld  this  thickness  be  near  the  truth,  as  I  expect  it  may,  and  if 
I  same  thickness,  or  nearly  so,  occurs  from  the  base  of  the  Car- 
liferous  rocks  to  the  bottom*  of  the  Whin  Sill,  at  the  old  Pencil 

II,  then,  1  think  it  may  be  fairly  concluded  that,  the  Silurian-like 
le,  at  this  place,  is  not  real  Silurian,  but  indurated  carboniferous 
Je,  and,  therefore,  the  base  of  the  Carboniferous  rocks  must  be 
isiderably  below  the  bottom  of  the  valley  of  the  Tees  at  either 
loon  Clints  or  the  old  Pencil  Mill.  The  section  at  High  Force, 
mt  two  miles  further  down  the  Tees  from  this  place,  affords 
iitional  evidence,  corroborative  of  the  soundness  of  the  conclusion, 
.t  the  base  of  the  Carboniferous  rocks  cannot  be  seen  in  Teesdale. 
aay  here  refer  Mr.  Dakyns,  or  any  of  your  readers,  to  that  brief 
itract  of  a  paper  on  this  section,  by  C.  T.  Clough,  Esq.,  B.A., 
jT.S.,  in  the  Geological  Magazine  for  October,  1876,  page  474. 
Before  leaving  the  subject,  I  may,  however,  state  that  there  is  a 
isibility  of  some  peculiar  positions  of  the  strata,  such  as  a  great 
ward  bend,  or  the  upcast  of  a  considerable  dislocation,  bringing 
)  base  of  the  rocks  in  question  to  view.  The  Burtree  Ford  dyke 
i  a  course  nearly  north  and  south ;  it  ranges  up  the  east  Allen  to 
>  west  of  Allenheads,  thence  through  Weardale,  at  Burtree  Ford : 

I  Mr.  Forster,  in  his  section  of  the  strata,  states  that  it  crosses  the 
es  at  Cronkley  Scars.  In  Weardale  this  dyke  brings  rocks  up 
view,  which  would  not  have  been  seen,  had  the  dyke  not  existed. 
There  is  some  probability  that  it  might  produce  a  similar  effect 
lere  it  crosses  through  Teesdale  ;  but  whether  it  does  so  or  not, 

II  be  known  by  those  who  are  better  acquainted  with  the  rocks 
that  part  of  Teesdale  than  I  am.  John  Cukby. 

JOLTSBURN,  EaSTOATE,  DaRLINOTON, 

February  5th,  1»77. 

THERE  A  BASE  TO  THE  CARBONIFEROUS  ROCKS  IN  TEESDALE? 

Sir, — My  friend  Mr.  Dakyns,  in  the  last  Number  of  your  Magazize, 

:8  the  question,  **  Is  there  a  base  to  the  Carboniferous  rocks  in 

Bsdale?"     Permit  me,  on  behalf  of  my  colleague  Mr.  Clough  and 

myself,  to  answer  the  question  in  the  affirmative.     We  cannot 
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Kwi  4Ct^r«  ^^  nweoos  for  oar  cpuLun,  all  detailB  being  reeer?ad 

Oi  A  lAi^t^r  in  pT^eparadon.  W.  Gun* 

vjiMLJOXa:.  Scott  or  EsrcukirD  aitt  ^ 
b.kX>.kJLr  Castle,  Fdrmmty  IStil,  IS 77. 


BASE  OF  THE  CAEBOXIFEROrS  BOCKS  IX  TEESDALE. 

Sis. — I  have  just  opened  Phillips*  G^oli^y  of  Torkshire,  Part  2, 
bv  ohacce  at  page  81 :  and  the  fii^t  words  that  caught  my  eye  wen 
*  Widdybank  "  and  "anomalous  breoaa.** 

This  is  the  breccia  which,  on  my  xisit  to  Teesdale,  last  Octobtf 
^:id  November,  I  suggested  to  my  companions,  Messrs.  Gnnn  and 
Cl'.Hi^h.  was  the  base  of  the  Carbon%fercm»  rockM,  for  the  reasons 
^^uoted  by  me  in  the  Geol.  Mag.  for  February.  From  the  use  of  the 
term  **  anomalous,"  it  is  clear  that  Phillips  had  noticed  the  peculiar 
oluuracter  of  the  bed.  It  is  somewhat  strange  that  none  of  the 
tst'olo^sts.  as  far  as  I  know,  who  have  written  about  the  rocks  in 
Te««dale,  should  have  been  struck  with  the  powibility  of  the  breccia 
U'ii)g  the  base  of  the  Carboniferous.  They  seem  to  have  been  too 
much  taken  up  with  the  Whin  Sill  to  thiuk  about  that  Perhaps 
thoy  did  not  see  the  Silurian-like  dykes  and  pencil-beds  below 
Otxuikley ;  but  if  they  did,  they  must  have  equally  missed  their 
»ujrgt?stive  character. 

It  is  some  satisfaction  to  us  youngsters  that  the  older  geologists 
have  left  us  something  to  discover.  J.  R.  Daktns. 

KxNDAL,  February  20M,  1877. 

"  KAMES  •  AND  DENrDATIOX. 

Sir. — Mr.  Mackintosh  is  quite  right.  I  have  not  seen  either  the 
English  or  Welsh  *  Eskers  *  he  mentions,  so  that  perhaps,  as  another 
critic  of  my  |vaper  has  said,  I  am  **  not  entitled  to  generalize."  But 
at  the  same  time  I  cannot  help  expressing  my  astonishment  at  being 
told  that  there  are  vast  numbers  of  Kames,  or  similar  gravelly 
mounds,  whose  shapes  have  nothing  to  do  vn\h  denudation.  Since 
many  of  these  mounds  were  first  ex|>osed  to  atmospheric  influences, 
not  only  have  rivers  cut  their  channels  to  great  depths  through  the 
most  compict  rocks,  but  the  hard  metamorphio  mountains  of  the 
lligblanils  have  been  so  wasted  that  their  flanks  are  usually  draped 
with  debris,  which,  spreading  over  the  floors  of  the  valleys,  bury 
them  deep  under  masses  of  angular  rock  fragments,  which  are 
frequently  sbapeil  into  very  good  imitations  of  Kames  by  the  action 
of  streams  running  along  the  valleys,  aided  by  torrents  from  the 
mountain-sides.  I  do  not  suppose  tbat  any  one  would  maintain  that 
the  shapes  of  these  mountains  have  nothing  to  do  with  denuding 
agencies.  How  is  it  then  that  the  loose  gravels  of  the  Eames 
'*  sometimes  on  the  summits  of  hills,**  as  Mr.  Mackintosh  says,  have 
withstood  influences  before  which  tlio  solid  hills  literally  *'  flow  from 
form  to  form  "  ? 

That  the  Newport  Kames  do  not  enjoy  such  immunity  from  the 
action  of  the  rain-fall,  has  l)een  demonstrated  during  the  recent 
excessively  wot  weather.  All  the  mounds  not  protected  by  grass 
bftve  water-courses  cut  in  their  sides,  some  of  them  of  considerable 
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One  stream,  after  leaping  in  a  oascade  from  a  hollow  in  a  bill- 
■ide,  has  oleared  out  a  channel  of  from  eight  to  ten  feet  deep,  and  in 
•ome  parts  fifteen  to  eighteen  broad.  The  loose  gravelly  sides  of 
soch  diannels  soon  fall  in,  and  beyond  a  modification  of  the  contour 
of  the  slope,  all  trace  of  the  denuding  agent  is  lost. 

James  Durham. 
P.S. — ^I  heartily  concur  in  Mr.  Mackintosh's  estimate  of  Mr.  H. 
B.  Woodward's  admirable  Geology  of  England  and  Wales,  but  Mr. 
Woodward  says  little  about  '  Eames '  which  would  not  be  explained 
at  readily  by  the  Denudation  theory  as  by  any  other. — J.D. 

THE  TROPICAL  FORESTS  OF  HAMPSHIRE. 

Sis, — ^Please  correct  the  following  erratum  in  the  last  Number  of 

the  Geol.  Mao.  in  my  letter,  line  3,  from  top  of  page  96  ;  for  "  200 

feet''  read  ''2000  feet."    That  is  the  thickness  of  the  Eocene  beds 

m   section    in    Hampshire,  according  to   the  Geological    Survey 

Kemoir    by  Messrs.    Forbes  and  Bristow.     It  was  written   very 

fiaudtf  in  figures  in  the  MS.  of  my  letter. 

ICabtlbshax,  nsab  Woodbbidob,  Searlks  y.  Wood,  jun. 

Ftbrwiry  2\$i,  1877. 


SARTORIUS  VON  WALTERSHAUSEN. 

BoBN  17  Dbc,  1809.    DiBD  16  Oct.,  1876. 

The  death  is  announced  of  Professor  Sartorius  von  Waltershausen, 
of  Gottingen,  on  the  16th  of  last  October,  after  a  long  and  painful 
illness.  The  loss  of  a  man  who  has  done  so  much  to  advance  the 
acience  of  Petrology  will  be  generally  felt  and  deeply  regretted. 
The  obituary  notice  which  has  appeared  in  the  Jahrhuch  far  Miner- 
alogie  is  so  singularly  meagre  that  we  propose  to  review  in  somewhat 
faller  detail  his  history  and  scientific  labours. 

Wolfgang  Sartorius  von  Waltershausen  was  bom  on  the  17th  De- 
cember, 1809.  He  was  an  illustrious  son  of  an  illustrious  father, 
Greoxg  Sartorius  von  Waltershausen,  who  was  Professor  of  Philosophy 
in  the  University  of  Gottingen.  The  father  was  a  great  friend  of 
Goethe,  and  was  more  especially  known  as  the  author  of  the 
"G^eschichte  des  Hanseatischen  Bundes."  The  son,  after  having 
tanght  for  a  time  in  some  of  the  German  schools  of  learning,  and 
having  published  some  memoirs  on  terrestrial  magnetism,  devoted 
several  years  to  travel.  From  1834  to  1846  he  visited  various 
districts,  where  the  phenomena  of  volcanic  activity  could  be  studied 
with  advantage,  and  the  observations  made  in  the  field  formed  the 
material  for  more  important  memoirs  issued  in  later  years.  He 
was  for  a  considerable  period  in  Sicily,  returning  in  1843,  and  his 
"Atlas  "  of  researches  on  the  rocks  of  Etna  appeared  three  years  later. 
In  1845  he  visited  Ireland  and  Scotland,  and  in  1846  we  find  him  in 
Norway  and  Iceland.  In  the  journey  to  the  Danish  Island  he  was 
accompanied  by  his  friend  Bunsen,  and  the  results  of  the  investiga- 
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lion  of  the  igneous  locks,  geyaen  and  gases  of  that  remarkable 
re^on  have  long  been  famous.  In  the  same  year  appeared  Lii 
paper  on  the  submariue  volcano  of  Val  di  Noto ;  while  his  riper 
reflections  appeared  in  a  memoir  on  the  volcanic  rocks  of  Sicilj  and 
Iceland  in  18o3. 

In  I860  he  published  his  views  respecting  the  causes  of  the 
change  of  climate  since  the  commencement  of  what  has  been  termed    I 
the  Historic  period,  and  expressed  his  belief  that  the  interval  known    ;- 
as  the  Ice  Age  was  due  to  an  alteration  of  the  contour  of  the  eaxth*i    ' 
surface  since  Diluvial  times.    His  labours,  however,  were  not  le-    '* 
stricted  to  the  field  of  Petrology.     In  1856  he  described  what  he 
re(;arded  as  a  new  mineral  species  from  Borgarfiord,  parastilbite,    . 
differing  from  epistilbite  in  some  of  its  angular  measurements;  aad    j^- 
he  published  about  the  same  time  his  examination  of  the  crystalline    |^ 
form  of  boron.     In  Palaeontology,  again,  we  find  him  actively  at 
work  ;  he  described  a  fragment  of  a  Saurian  from  the  Coal-bedB  at 
Zwickau,  and  that  of  a  fossil  snake  from  Burlington,  in  Mississippi 
It  should  be  stated,  moreover,  that  he  was  the  close  friend  and  auy 
of  Gauss,  and  wrote  the  life  of  this  eminent  physicist  and  mathe- 
matician, which  appeared  at  Grotha  in  1856. 

^Vhile  60  ably  filling  the  position  of  Professor  of  Mineralogy  and 
Geology  in  the  University  of  Grottingen,  he  devoted  himself  to 
writing  a  magnum  opus  on  Etna,  which  occupied  him  till  a  short  time 
before  his  lamented  death.  The  Chair  which  after  the  lapse  of  thirty 
years  now  becomes  vacant  has,  it  is  stated,  been  offered  to  Prof. 
Tschermiik,  of  Vienna. — W.  F. 

FIELDING     B.     MEEK, 

Palaeontologist,  U.S.A. 
BoRx  10  Dec,  1817.    Died  22  Dec,  1876. 

Mr.  F.  B.  Meek  was  bom  in  the  city  of  Madison,  Indiana,  U.S. 
America,  Dec.  10th,  1817.  His  grandparents  were  Irish  Presby- 
terians, and  emignitod  to  Amenca  from  the  county  of  Armagh, 
Ireland,  about  the  year  17G8.  He  spent  his  early  days  in  Madison, 
whore  his  father  was  a  lawyer  of  considerable  eminence :  but  un- 
fortunately died  when  young  Meek  was  only  three  j'ears  old,  leaving 
his  family  in  very  moderate  circumstances.  From  his  earliest 
recollection  he  was  interested  in  the  Silurian  fo8sils  so  abundant 
in  the  rocks  of  the  ncighlx)nrhood  of  his  home.  He  had  never 
heard  of  Geology,  but  studied  these  remains  with  admirution  and 
wonder  as  to  their  origin.  On  attaining  his  majority,  by  the  advice 
of  his  friends,  but  against  his  own  wishes,  ho  ci^mmenced  business 
as  a  merchant ;  but,  absorbed  in  his  favourite  pursuit,  he  neglected 
his  avocation,  and  in  the  financial  crisis  of  1847  he  lost  his  small 
capital,  on  which  he  depended. 

In  1848  he  seems  to  have  really  commenced  his  career  as  a 
scientific  man,  being  first  employed  as  assistant  to  Dr.  D.  D.  Owen, 
on  the  States  Geological  Surveys  of  Iowa,  Wisconsin,  and  Minnesota. 

In  1852  he  became  the  assistant  of  Prof.  James  Hall,  the  eminent 
palaeontologist  of  Albany,  Kew  York.     Here  he  remained  until 
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By  witb  the  exception  of  three  sominers,  two  of  which  he  spent 
ki  the  Missouri  State  G^logical  Survey.  In  the  summer  of  1853 
accompanied  Dr.  F.  Y.  Hayden  in  an  expedition  to  explore  the 
ad  Lands  "  of  Dakota,  and  brought  back  very  valuable  collections, 
is  was  the  commencement  of  that  long  series  of  successful  ex- 
rrations  of  all  portions  of  the  West,  which  have  continued  up  to 
»  present  time.  While  at  Albany  he  was  constantly  engaged  in 
)  most  important  palsdontological  works,  the  results  of  which  were 
blished  in  the  proceedings  of  the  learned  societies  of  the  United 
eites. 
In  1858  he  went  to  Washington,  where  he  resided  until  the  time 

his  death,  leaving  the  city  only  for  a  few  months  at  a  time  while 
gaged  as  PalsBontologist  for  the  State  of  Illinois,  Ohio,  or  in  field 
plorations  in  the  far  west,  in  connexion  with  the  U.S.  Geological 
irvey  of  the  Territories  under  the  direction  of  Dr.  F.  V.  Hayden. 
His  publications,  aside  from  the  State  reports  referred  to,  were 
)ry  numerous,  and  bore  the  stamp  of  the  most  faithful  and  con- 
ientious  research.  One  great  distinction  between  Mr.  Meek's 
kheontologioal  labours  and  the  geological  publications  of  his  col- 
Gignes  on  the  great  Surveys  of  the  States,  lies  in  the  fact,  that 
hereas  much  of  their  work  will  require  most  careful  concordance 
)fore  the  grand  results  accomplished  by  them  can  be  fully  corre- 
ted,  on  account  of  many  of  the  separate  States  having  adopted 
irely  local  or  new-coined  names  for  their  rock  series,  Mr.  Meek*s 
iieontological  work  is  at  once  available  to  his  brother-workers  all 
er  the  world,  being  written  in  the  same  cosmopolitan  language. 
Mr.  Meek  was  so  modest  and  retiring  that  he  was  scarcely  known 
itside  a  very  limited  circle  of  friends.  His  bodily  infirmities  pre- 
tnted  him  from  mingling  in  society.     Although  his  fame  as  one 

the  most  eminent  palaeontologists  on  the  American  Continent 
xl  been  acknowledged  among  scientific  men  everywhere,  his 
istence  was  scarcely  known  to  the  world  at  large.  He  was  a 
ember  of  the  National  Academy  of  Sciences  of  the  United  States, 
.d   many  other  prominent  scientific  associations  in  America  and 

Europe. 

He  died  within  the  walls  of  the  Smithsonian  Institution,  where 
)  had  occupied  rooms  for  eighteen  years.  He  had  been  connected 
ith  the  U.S.  €reological  and  Geographical  Surveys  of  the  Territories 

a  salaried  officer  for  the  greater  portion  of  the  time  since  its  first 
ganization  in  1867. 

His  last  great  work  (Vol.  IX.)  appeared  in  1876,  and  contains 
\0  pp.  of  quarto  text,  and  45  .plates,  of  wliich  he  writes  to  Dr. 
.  V.  Hayden,  "  The  following  is  my  final  Report  on  the  Invertebrate 
retaceous  and  Tertiary  Fossils  of  the  Upper  Missouri  Country." 
His  grand  palseontological  works  are  his  noblest  and  best  monu- 
ent ;  yet,  as  Prof.  Dana  truly  observes,  **  he  is  gone  before  his  work 
as  done  ;  "  and  he  adds,  "American  paleontology  has  lost  (as  regeurds 
I  Invertebrate  Department)  half  its  working  force  at  a  blow.'*  * 

*  These  notes  were,  in  great  part,  communicated  by  Dr.  F.  V.  Hayden  tlirottgh 
e  kiudness  of  Thomas  Davidson,  Esq.,  F.H.S. — Edit.  Geol.  Mao. 


IM  Oiiiwmrf    Humpkry  Salwy. 

HUMPHRY    SALWEY. 

B.:a3f  I«3.    Daa  ISTT. 

Hs.  HriPEBT  SALwrr.  who  dietl  on  Jannanr  tbe  21st,  at  bi^ 
7Mf*5eace.  The  Cliff,  Lcilow.  wits  ooe  of  the  earliest  pioneers  of 
r?*:v~*z^*:al  research  in  :he  C*!-!  Rel  San^lstone  and  Silorian  districts ; 
hSfl  h^  has  fonne>l  an  ini|v?rrant  collection  of  the  fossils  of  the 
cc-insks  of  Shropshire  and  Hereforishire.  inclading  many  nniqae 
sc<o£2iens^  He  deriveii  his  ksowledge  almost  exclusively  from 
ohiemiti*?n.  but  he  did  n-i^t  nrgleot  the  recorded  observations  of 
•?chers.  and  his  brDad  views  and  clear  thonght  were  most  conspicuoasly 
disrlaved  when,  in  the  course  of  a  dav's  work  in  the  field,  he  would 
off*r  sk>me  friendly  criticism  of  thei^ries  and  conclnsious  which  he 
could  prove  that  less  practical  men  had  to^?  readily  admitted. 

It  was  thos  that  Mr.  Salwey  did  mnch  valuable  teaching,  and  not 
a  few  of  his  nnmerons  geol:kgical  friends  will  be  ready  to  admit  that 
be  has  given  them  standpr^ints  from  which  the  vision  conld  penetrate 
the  obscurity  in  which  the  geology  of  a  district  had  been  involved 
by  too  hasty  generalization. 

Mr.  Salwey's  knowledge  of  the  local  geology  of  his  native  district 
was  such  as  can  only  be  obtained  by  life-long  labour.  Those  who 
knew  him  well  have  oaose  to  lament  the  loss  of  a  sincere  and  warm- 
hearted friend  :  but  the  geologist  from  afar,  to  whom  he  was  always 
readv  to  extend  a  cordial  welcome,  will  sustain  a  loss  which  cannot 
easily  be  replaced — that  of  an  experienced  and  sound  expositor  of 
the  typical  Ludlow  district  It  was  here  that  he  delighted  to 
welcome  his  fellow-workers,  and  to  offer  to  them  bis  open  and  un- 
assuming hospitality :  and  the  cordial  welcome  with  which  he  and 
his  family  received  the  members  of  the  Geologists*  Association  at 
The  Cliff  on  the  occasion  of  their  visit  to  Ludlow  in  1872,  will  ever 
be  gratefully  remembered  by  those  who  were  present,  several  of 
whom  have  kept  up  the  acquaintance  then  for  the  first  time  formed, 
and  have  revisited  more  than  once  the  beautiful  neighbourhood, 
replete  with  geological  interest,  then  for  the  first  time  seen. 

Mr.  Salwev  was  one  of  the  founders  of  the  Ludlow  Museum, 
which  he  has  enriched  with  many  valuable  geological  specimens. 
He  has  discovered  several  new  species  of  fossils,  principally  col- 
lected in  the  Old  Red  Sandstone  and  the  Ludlow  Bocks,  and  his 
name  as  a  palaeozoic  geologist  is  perpetuated  in  seveml  species ;  *  but 
he  was  not  a  ^vriter,  and,  excepting  in  a  few  addresses  to  the  Field 
Clubs  of  the  neighbouring  counties,  his  extensive  knowledge  of  the 
geology  of  his  district  now,  alas  I  lives  only  in  the  memory  of  those 
to  wliom  he  was  so  ready  to  impart  it,  or  is  diffused  in  their 
writings. — J.  H. 

^  ZfnatpiM  Salxeeyu   E^erton  :    Xterogammartu  Salwey i,  H.   Woodward :    and 
^onograptua  Salwtyif  Ilopkinson. 
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I. — ^What  18  A  Bbachiopod?^ 
By  Thomab  Dayidbon,  F.B.S.,  P.G.S.,  Y.P.P.S.,  etc. 

PAKT  I. 
(PLATES  VII.  AKD  YUU) 

TTTE  are  all  aware  that  it  is  very  often  much  easier  to  put  a 
YY  question  than  to  obtain  an  entirely  satisfactory  answer,  and 
I  am  consequently  sorry  to  have  to  begin  my  few  observations  on  a 
Teiy.  extensive  class  or  group  of  organisms,  by  stating  that  zoologists 
and  comparative  anatomists  have  not  yet  entirely  agreed  as  to  the 
enot  position  it  should  occupy  among  invertebrate  animals. 

The  first  species  belonging  to  the  class  were  imperfectly  and 
qminily  described  and  figured  by  Fabio  Columna  as  far  back  as 
1006,  and  for  many  years  were  supposed  to  be  referable  to  the  genus 
Amomia,  one  of  the  Lamellibranchiata ;  but  as  was  judiciously  observed 
by  Edward  Forbes,  "A  close  examination  shows  that  there  is  no 
relationship  between  them,  but  only  a  resemblance  through  formal 
analogy."  It  is  during  the  present  century  that  the  class  itself  has 
been  worked  out  and  understood,  and  this  has  been  achieved  after 
the  most  lengthened  and  persevering  researches. 

It  will  not  be  possible  in  a  short  article  to  enter  upon  a  complete 
history  of  the  progress  made  by  science  up  to  the  present  time  with 
sdbpect  to  the  Brachiopoda.  Suffice  it  to  say,  that  many  of  the  most 
eminent  zoologists  and  palaeontologists  have  materially  contributed 
to  our  knowledge  of  the  group,  and  I  have  devoted  the  best  portion 
of  my  life  to  its  elucidation.  We  may  however  observe  that,  pre- 
vkmsly  to  the  present  century,  several  naturalists  had  published  notes 
of  some  interest  upon  the  Brachiopoda,  which  have  helped  to  bring 
the  subject  under  the  special  notice  of  the  more  experienced  mala- 
oologists  of  our  time.  In  1675,  1G87,  and  1G88,  Martini  Lister 
published  figures  of  a  few  recognizable  species  of  Brachiopoda,  and 
in  particular  of  Produetus  giganteua.  In  1G9G  Llhwyd  proposed  the 
name  Terehratula  for  several  of  the  shells  that  had  previously  been 
referred  to  Anomia:  he  also  gave  some  good   figures  of  several 

*  This  memoir  is  the  substance  of  a  lecture  delivered  by  the  author  to  the  Brighton 
and  8us80i  Natural  History  Society  on  the  1 1th  of  Februarj',  1875,  and  subsequently 
published  in  French  with  additions  and  plates  in  vol.  x.  of  the  Annales  do  la  oociutS 
Malacolo^que  de  Belgique  for  1 876. 

*  Plates  IX.  and  X.  will  accompany  Part  II. 
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species  of  Braohiopoda  found  in  the  neighbonrhood  of  Bath.  In 
1773  T.  Pennant  described  and  figured  some  of  the  soft  parts  of  the 
animal  of  Terehrattdina  caput-BerpenUs  (especially  its  brachial  or 
labial  appendages),  and  in  1774  Grundler  gave  a  good  description 
of  the  same  appendages  with  enlarged  illustrations.  Again,  in  1776 
and  1791,  Muller  and-  Poli  described  the  animal  of  Crania  (their 
Patella  anomala  and  Criopua  turbinata)  with  some  enlaiged  illustra- 
tions, in  which  the  brachial  appendages  are  correctly  represented.^  .. 
During  that  century  many  species  of  Braohiopoda  both  recent  and 
fossil  were  described  and  figured  by  Linnssus,  Brugni^re,  and  others, 
but  no  attempt  at  classification  was  made. 

Space  unfortunately  will  not  admit  of  my  mentioning  in  detail  the 
honoured  names  of  all  those  who  have  so  materially  contribated 
to  the  knowledge  we  at  present  possess  with  reference  to  the 
Braohiopoda ;  but  we  must  allude  to  Von  Buch,  Alcide  d'Orbigny, 
Defrance,  de  Blainville,  de  Vemeuil,  S.  P.  Woodward,  Gray,  Deslong- 
champs,  father  and  son,  Sowerby,   Barrande,  de  Eoninck,  King, 
Salter,   E.   Suess,   M'Coy,   Hall,   Billings,  Ball,  Dalman,  Fischer, 
Pander,    Moore,     Eichwald,     Eutorga,     Eeyserling,    Sandberger, 
Seguensa,  Meek,  etc.    The  names  of  the  zoologists  who  haye  bo 
ably  worked  out  the  anatomical  and  structural  characters  of  the 
animal  will  be  duly  recorded  in  the  sequel.     Grundler,  in  1774, 
seems,  however,  to  have  been  the  first  to  propose  to  create  for  the 
animals  under  notice  a  distinct  class  among  the  Mollusca. 

Name. — The  name  Brachiopod  (fipa')(^uov,  an  arm ;  woi)<;,  Troio^^ 
a  foot)  was  proposed  for  the  class  by  Cuvier  in  1805,  and  Dumeril 
in  1809,  and  has  since  been  very  extensively  adopted.  In  1824 
Blainville  proposed  as  a  substitute  for  Cuvier's  name  that  of  Pallio- 
branchiata  {pallium,  a  mantle ;  hranchia,  giUs),  on  account  of  the 
respiratory  system  being  combined  with  the  mantle  on  which  the 
vascular  ramifications  are  distributed.  This  term  has  always  been 
adopted  by  Prof.  King,  who  perhaps  has  rightly  objected  to  Cuvier's 
name,  on  tho  grounds  that  it  is  a  misnomer ;  for  the  two  variously 
curved  and  cirrated  brachial  or  labial  appendages,  improperly 
desip^ated  as  arms  or  feet,  were  subsequently  found  not  to  sub- 
sen'e  the  function  of  locomotive  organs. 

Shell. — Before  alluding  to  the  position  the  Brachiopod  should 
occupy  anion<^st  the  Invertebrata,  we  may  at  once  observe  that  the 
animal  is  protected  by  a  shell  composed  of  two  distinct  valves;  and 
that  these  valves  are  always,  except  in  cases  of  malformation,  equal- 
sided,  but  not  equi-valved.  The  shell  is  likewise  most  beautiful  in 
its  endless  shajies  and  variations ;  in  some  species  it  is  thin,  semi- 
transparent  and  glassy,  in  others  massive :  generally  the  shell 
is  from  a  quarter  of  an  inch  to  about  four  inches  in  size :  but  in 
certain  species  it  attains  nearly  a  foot  in  breadth  by  something  less 

1  A  \or\  remarkable  paper  by  M.  de  Lamanoii,  "  Sur  les  T<?ribratiiles  on  Puulettofl, 
et  (le-Jcription  d'une  tspece  trouveo  dans  It's  mers  de  la  Tartaric  Oriontale,"  was 
publisliod  in  1797  in  vol.  iv.  of  the  Voyajre  de  la  Perouse  autour  du  monde.  In  this 
memoir,  which  appears  to  have  been  overlooked  by  all  those  who  have  treated  of  tho 
same  Nubi«'ct,  tlie  anthor  describes  as  far  as  his  knowledge  permits  the  soft  parts  of 
the  animal  of  a  species  of  Terebratella. 
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ID  leDgtb,  as  18  the  case  with  Produetus  giganteus.  The  valves  are 
often  very  unequal  in  their  respective  thickness,  as  may  be  seen  in 
Produetus  LLangollensis  (PL  VII.  Fig.  27) ;  Davidsonia  Vemeuili 
(PL  VII.  Fig.  26),  eta ;  and  while  the  space  allotted  to  the  animal  is 
very  great  in  a  number  of  species,  as  in  Terehratvla  spharoidalts 
[PLYIL  Fig.  25),  it  is  extremely  small  in  many  others^  as  ^hophomena 
ind  LepUma  (PL  VII.  Fig.  28).  The  outer  surface  of  many  of  the 
ipecies  presents  the  most  exquisite  sculpture,  heightened  by  brilliant 
ihades,  stripes,  or  spots  of  green,  red,  yellow,  and  bhiish-black. 

The  valves  have  been  distinguished  by  various  names,  but  those 
)f  dorsal  and  ventral  are  in  more  general  use.  The  ventral  valve  is 
isually  the  larger,  in  many  genera  as  Terehratxda  and  Bhynchonella,  it 
ia»  a  prominent  beak,  with  a  circular  or  otherwise  shaped  perforation 
>r  foramen  at  or  near  its  extremity,  partly  completed  by  one  or  two 
plates  termed  a  deltidium.  Through  the  foramen  passes  a  bundle  of 
muscular  fibres  called  the  peduncle,  by  which  the  animal  is  in  many 
species  attached  to  sub-marine  objects  during  at  least  a  portion  of  its 
existence.  It  is,  however,  certain  from  the  admirable  researches  of 
Prof.  Morse  that  the  embryo  of  some,  if  not  of  every  species, 
Bwims  most  actively  in  every  direction  and  turns  abruptly  about ; 
bat  that  in  the  fourth  stage  of  its  development  it  becames  attached, 
the  peduncle  widening  at  its  end  into  a  sucking  disk.  Other  species 
show  no  indication  of  ever  having  been  attached ;  while  some  that 
had  been  fixed  by  means  of  a  peduncle  during  a  part  of  their  exist- 
ence become  detached  at  a  more  advanced  stage  of  life,  the  opening 
for  the  peduncle  becoming  gradually  cicatrized.  '  Lastly,  forms 
Appear  to  have  adhered  to  sub-marine  objects  by  a  larger  or  smaller 
portion  of  the  surface  of  their  ventral  valve,  or  by  spines  {Stro- 
phalosia,  etc.),  during  their  entire  life. 

In  external  shape  the  valves  are  essentially  symmetrical  (differing 
in  this  respect  from  those  of  the  Lamellihrancliiata),  so  much  so, 
that  certain  Brachiopod  shells  received  the  name  of  Lampades  from 
jome  early  naturalists ;  but  while  such  may  bear  a  kind  of  resemblance 
X)  an  antique  Etruscan  lamp,  by  far  the  larger  number  in  no  way 
•esemble  one.  The  valves  are  either  articulated  by  means  of  two 
jurved  teeth  developed  from  the  hinge-margin  of  the  larger  valve, 
ind  fitting  into  sockets  in  the  corresponding  part  of  the  smaller  one, 
)r  they  are  unarticulated,  and  kept  in  place  by  means  of  muscles 
'Specially  provided  for  that  purpose. 

Having  described  the  exterior  of  the  shell,  a  few  words  may  now 
)e  devoted  to  its  interior.  On  the  inner  surface  of  both  valves 
«veral  well-defined  muscular  impressions  are  observable,  which 
rarj^  considerably  in  position  and  shape  in  different  genera  and 
ipecies.  They  form  either  indentations  of  greater  or  lesser  size  and 
lepth,  or  occur  as  variously  shaped  projections.  In  the  Trimerellidce 
ome  of  the  muscles  are  attached  to  a  massive  or  vaulted  j)latform 
ituated  in  the  medio-longitudinal  region  of  the  posterior  half  or 
imbonal  portion  of  both  valves.  In  addition  to  these,  there  exists 
n  the  interior  of  the  dorsal  valve  of  some  genera  a  variously  modi- 
ied  thin,  calcified  ribbon -shaped  lamina  or  skeleton  fox  th^  «»\\^\^CiTV, 
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J"    r-*.-:.!!    r  \v  'i!  ivr^nlacres  :  and  so  Taried.  vet  con- 

.>nLi  «r-r::r*  i>  this  luminal  apophysis  tlisit  it  li:« 

-.    .=>    .:•?    J   -•?  ---'^**  -b-'^rioter^  in  the  creation  of  both  recent 

-~  -  r-^-n    ?..  IX.  F:j<.  2.  7.  iM.     The  apojihysis,  or  loop. 

-.     r    -*  £■:<'?>?•:•:.  "rs'-.r.  Mnff  in  wnie  g^-nera  to  up wanls  of 

.-    -.r^;*    :  "le  l--j'b.  •. :'  :be  «ht"Il.  hut  in  others  it  is  so  short 

-  •"  -.  £*  V  TT"  t-::     i.'.v  ^  Uttiv  K-vond  the  hinjje.     In  wnie 
>  .-:•.«.  1-i    r  vt*  :':.e  l.ir.jTi-plate.  as  in  r<r^5rn/M/a,UaW- 

J     'X  "r^  -     :::  .■■.L'?r*  :  •  a  central  longitudinal  plate  or 
'•.  IX  'I'Z-  ^  .     I-  -vr  iin  fimilios  the  aix)physis  presents 

-  .  -*  .   •- .ri.'.  rr'>.5*T*  wLijh  n»*arlv  fill  the  interior  of  the 
-  .-x  S     :'  :lr  sT:r.>  >:r.s  eitLvr  direiHed  outwards  towarl* 

-  -    • ;.  ::: -.f>    5.  -•"■-.  PI  VIII.  FisT.  ♦'»>.  or  placed  horizcmtallv 

-  *  u.*:*   •.:?f*.':v:  inwiris  and  towards  the  centre  of  the 
■-  ^:~  st-i    :  :he  ?t\:::-?  vvlvv.  which  thov  almost  fill ;  the  innt-r 

*-. -.rf*  ir.  :  rx-^fr-.!  :,;•>: I. vr  and  flattened  with  their  ter- 

:'!>..  *c  t    -.  ..":.  >:;.-^r  r.v.\r  ti:-:-  centre  of  the  bottom  of  tho 

••;.•••.   n.  VIII.   F:j.  7  .     In  the  IthifiirhoHt'IIiihe  apiin  it 

>    ..-   *l.\rn-   ;:  :w.   sliir:.  *Iv:i.ler,  curved  lamina?  (PL  IX. 

•%j.;.^  -.r.  r^.\:;y  ^rnrri  ir.  I  cwu  fimihVs,  PnHluctid(C,  etc.. 

.\  <-#  v.*  ::-.l.ir.:':  >-:rr<n  f-  r  tho  labial  appendages. 

•.  :^!.<.  *.•.''. il  *i!\>.>«.  v.il  ovaries,  generally  leave  such  in- 
:•  ."i     ~  :!.:•    r.T-.rriil  *'.ir:'we  •  f  thv  vilves.  in  1»oth  rtt-ent  and 

-  ri  >:.  •  <•;•;  :  *.  ::. i!  ::.ov  mi:'ri\llv  assist  in  dK^nuiiiinj* 
;•%..'>     :     \:i:;::    :*  r.r.s :     ;!:l  in  ad«lition.  tho  brachial  or 

..  ..v".  ■*-:•.>  .  :'••- "  *-  "iVv  i'l  'i.v.ri  iis  **(  ihvir  presence  and  cha- 

1  •   •  ,  >  i'.*^  :v!:-. :-.  :  1  v  t':-.*  -^\.u-.'  of  the  calcified  ^kt.ll.•tun 

.  -:.\:  :'.    v.i  :     *  j:>  •.:•. r  vr  lossvr  extent. 

^        V  •.        r. — T...   s:r-:  tr.-.-  •.  t'  tIv  shtll  has  been   shown  by 

.  •.  -  .r.  r*   :*.  K ::■;;.  Vr.  G:-\''y:«  iwA  others  to  l>e  ;:ene rally 

•  ••".   :'  ■.:     :'   :'.  o   I..\:::-. '.".::  riT.ehiata  or  G;istcrMj>oda.     Dr. 

.      \\"  '  ".  :.<  ..:^s^':*  .  ;  ::.e  ''I.  11  structure  with  iufiniro  care 

-  >s.  •!".*'•'  s   i>  t:.  it    :'.'.  ti.v   >Iiell   of  the   DrachiojK'da, 

^  ••  •    ■  H-.v.  ■[. :;  •■^tw-;ii  ■    v.-  and  i;ih#t  layers,  eithi.'r  in 

•      *      -:'  ^:vvs:h.  w. :  K   i'rev:iil>  anionir  the  ordinary 

*  •  :    »•  ::  s-;  *.:<    '  \i  •■■>.  '  ^:\\  tV"iii  the  nature  and  fonu 

K  ■  H- ;•  .".     •...    ::.    ::^  .:i  whi-li  it  i^  extended,  that  tlie 

x".  -<    :'  :'.  ■  t'    ..    i  '-  :  s:  til  o'!ivspon*ls  with  the  outer 

^  .-;      .   I  .'  ;'■/  :  .•..^'  :  .•  I.     He  a«ils  th.it  he  has.  Imwever. 

\    •     •   \\\::\  \  >.     v.\  '..iver  iv.  ne-Mit  Ttnhrttfnkr,  within 

....    :  .  ....    ..    ..•  -".-     k':.. ';.  l.'.'.r  o.Milined  enly  t<>  a  part 

...     ;•  ^     .;   .:   :  \'-.  !•  :ir^  I  ev  !id  it.     In  .•i4>me  families. 

k.  IV.  "'  \  .  -   '-  ^.  :.>■>:>  .  r"  three  divisions:  the  innermost 

.    ,  •  .  \    «•    •.':■:"  M  ■'.!ii-N!:iun  I."  jhiImMuiI  in  tli»» 

^.  ^^       \    .     ,.v  '•**.  »\.   ."*  K  •■.".:.::■.:".  :!i;:tr "   rnr  1S7>.  Mr.  Iltrinan 

^     ■*      ^  .••..%:■•.:•.•"  ■•;.'  ':««.•  'TH'"*  mo«li!iiil  witii  a.'r.  ami  he 

\.     ••.•..'      :  .1  ■«'.:;".:»".t    1i»i»t»  tuit  nt  a  niiniiouiiil  niir-. 
..'•..*••.  .:.   '••  «:i :.::".:« .y  MttUil  a  i-niiiiJitto  i-Mnnii.tiii>r 
•^'^;U  ,,.*    .  *  .-.  J  *  —    -■  ■   •-■  *  «i"  ii-i^i  to  be  tiamiui'J.  which  ha>  uut 
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tnd  middle  diyisions,  which  constitute  the  entire  thickness  of  the 
Talye,  are  calcareous,  with  a  prismatic  or  fibrous  structure,  while 
the  outer  division  consists  of  a  very  thin  membrane  (Pl.VJl.  Fig.  29). 
The  innermost  and  intermediate  divisions  are  in  some  families 
traversed  by  minute  tubular  canals  which  pass  from  one  surface  to 
the  other,  for  the  most  part  in  a  vertical  direction,  and  at  tolerably 
regular  intervals;  but  just  before  terminating,  near  the  outer  surface 
of  the  epidermis,  their  orifices  suddenly  become  dilated ;  the  lower 
half  of  the  canals  being  oft^i  considerably  smaller  in  diameter  than 
the  upper  half.  The  canals  are  occupied  by  coecal  processes  pro- 
oeeding  from  the  mantle,  or  the  fleshy  covering  of  the  animal.  Their 
fonctional  nature  is  according  to  Dr.  Carpenter  branchial  or  sub- 
nrvient  to  respiration ;  but,  as  observed  by  Prof.  King,  the  outer 
epidermis,  which  covers  their  expanded  terminations,  would  seem- 
ingly prevent  any  communication  between  the  surrounding  sea- water 
and  the  mantle ;  so  that  it  may  be  questioned  whether  they  are  at 
all  connected  with  the  respiratory  function.  In  certain  genera,  such 
ag  BhynchaneUa,  there  are  no  canals ;  the  shell  being  found  to  con- 
sist of  flattened  prisms  of  considerable  length,  which  lie  parallel  to 
one  another  with  great  regularity,  and  at  a  very  acute  angle  to  the 
nurfaoe  of  the  valves.  The  shell  substance  of  Zingtda  Prof.  King 
believes  to  be  also  almost  entirely  composed  of  Eeratode,  with  a 
mbordinate  portion  of  phosphatic  calcareous  matter. 

Hie  riiell  structure  of  Lingiila  and  Ditdna  has  also  been  attentively 

studied  by  Dr.  Gratiolet  in  his  excellent  memoir  *'  Etudes  anatomiques 

8ur  la  Ldngula  anatina,"   1860.     Therein  he  mentions,  that  ''the 

structure  of  the  valves  in  the  Ltngtdida  appears  at  first  sight  to 

differ  much  from  that  of  the  TerehratulidcB,  but  a  more  attentive 

examination  reveals  analogies  at  first  unsuspected.     Two  distinct 

dements  exist  in  the  shell  of  Lingnla — the  one  corneous,  and  the 

other  testaceous.     They  occur  in  thick  layers  alternating  from  the 

convex  to  the  concave  surface  of  the  valves,  commencing  with  a 

superficial  corneous  one.     These  layers  are  not,  however,  of  equal 

thickness  throughout   On  the  convex  side  the  thickness  of  the  homy 

layers  is  greater  towards  the  outer  surface  of  the  shell,  while  on 

the  visceral,  or  inner  surface,  the  testaceous  elements  predominate. 

They  are  oi  especial  thickness  at  the  level  of  the  posterior  angle  of 

the  ilM>mb.     The  thick   testaceous  layers  are  separated  by  thin 

oomeoos  ones  which  thin  out  at  certain  points.     This  arrangement 

gives  an  amount  of  opaqueness  to  the  central  portions  of  the  valves, 

while  the  outer  edges,  where  the  horny  substance  predominates,  are 

semi-transparent.     The  structure  of  the  testaceous  layers  simulates 

that  of  the  TerebrattdidoB  ;  they  are  crossed  by  numerous  microscopic 

canals  which  are  traversed  by  extremely  delicate  striae,  recalling  the 

chains  formed  by  the  prismatic  elements  of  the  shell  in  TerehratulidcB. 

This  description  applies  equally  to  Discina,  but  in  these  last  the 

calcareous  portion  predominates  greatly  over  the  homy  one." 

Soft  Parts  of  the  Animal. — I  must  now  allude  to  some  of  the  soft 
parts  of  the  animal,  but  it  would  require  much  more  space  than  can 
DO  bestowed  in  this  short  article  to  do  anything  like  justice  to  so 
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tlifficuU  a  fiubjei.'t.  I  am,  however,  truly  bappy  to  state  that  this 
im[iurlaiit  itii[iiiL'y  hax  been  moat  ably  and  Buoceaiirully  etahurateil 
fiiii'iii;^  tliQ  last  forty  yean  by  some  of  the  moet  diatinguishod  anato- 
mists and  naturaliata  of  tiie  period.  To  such  men  as  Hancock,' 
t.  r  Owe  H  \Jey  *  Gratiolet,"  Vi^t,'  Mncdonald,'  King,  aud 
w  1  )     1  for  an  extensive  series  of  dissectiona  aud  obser- 

nfid,  to  a  very  oonsidoi'ablo  extent,  what  are  the 
i  n  chiopod ;  while  some  important  reaearcbee 
t  Lacazo-Biitbiers,  Morse,  Dr.  Frit*  Miilkr, 
h  Eowalereky,  and  others,  have  thrown  much 
alio  I  ^1  I  I  e  embryology  and  early  atagea  of  tiie  group. 
S  n  b  1  fferenc  |      on,  it  ts  tnie,  have  been  and  are  atill  euter- 

t      cl  w  tl  res]  the  exact  function  to  be  attributed  to  certain 

It      r  tl  e  n  ut  on  all  essential  queBtions  tbere  is  a  pretty 

il  I        I        I         tl     various  parts  of  the  animal,  it  may  bo  as  well 

t         I  Lracliiopoda  have  been  divided  by  Bronn  into 

1  Apyjia  and  Plearopyijia.     Professor  King, 

I      nadmifisibte  on  oertain  grounds,  substituted 

or  the  first  group,  on  account  of  ita  including 

I  ute  of  an  anal  aperture;  and  the  term  Treieit- 

fn'ilit  lur  llio  scLuiid,  aa  it  embraces  aDiraaU  provided  with  this 

ojieiiing.    The  furmor  division  contains  species  which  have  the  valves 

aiticuliitod,  as   Ter<-bratula,  Sjiiri/er,  RhynekowRa,  etc      The  latter 

coiiiprisp  s]ini.-i(i'(  wiDi  non-artioulatod   valves,  as  Lingvla,  Dicn'mi, 

eii'.~      ^.iitii'   vi'i'v   iitipnrtant  modifications  in  the  animal  are  oon- 

n.-i.tcl   uiti,   lJ|.■^.i  iwi.  divisions,  espetiallv  in  what  relates  to  tliB 

A«x.irilir]g  to  M<jrse  the  Brnchiojiods  are  reproduced  by  esiK**- 
generally  kidney-Bhsjjed  and  irregular,  which  are  discharged  from 
the  anterior  margin  of  the  kIipU,  and  drop  just  beyond  the  pallial 
niemlirane,  hnnging  in  cIuKtors  from  the  ficlfo.  Some  uncertuiiily 
bus  prevailed  as  to  wlielber  there  is  a  male  and  female  individual. 
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two,  three,  or  four  lobes  clothed  with  vibratile  cilia;  and  before 
becoming  attached  swims,  or  whirls  head  foremost,  by  means  of  the 
Tibratile  cilia  covering  the  body.  Morse  describes  the  gradual  for- 
mation of  the  shell  from  its  first  stage  of  development  to  the  adult 
oondition.  Lacaze-Dathiers  also  alludes  to  two  and  four  eye-spots  in 
the  embryo  of  Theddium,  and  states  that  the  animal  appears  to  be  in 
some  measure  sensible  to  light  The  mouth  conducts  by  a  narrow 
OMophagus  to  a  simple  stomach,  which  is  surrounded  by  a  large 
granulated  liver.  Owen's  '*  hearts  "  have  been  found  to  be  oviducts, 
wbile  the  true  heart  woald,  according  to  Huxley  and  EEancock, 
ooDsiBt  of  a  pyriform  vescide  appended  to  the  dorsal  surface  of  the 
stomach ;  but  Pro£  Semper,  who  has  described  the  animal  of  lAngtda 
at  ooDsiderable  length,  with  especial  reference  to  its  vascular  system, 
ooDtends  that  the  pyriform  vescicle  termed  ''  a  heart "  does  not  repre- 
lent  that  organ,  that  there  is  not  the  least  vestige  of  vascular  system 
ooQDected  with  it,  and  consequently  that  the  existence  of  a  heart  must 
be  considered  unproven.  Ihe  digestive  organs,  viscera,  as  well  as 
the  muscles,  which  take  up  only  a  small  place  in  the  proximity  of 
the  beak,  are  separated  from  the  great  anterior  cavity,  and  protected 
by  a  strong  membrane,  in  the  centre  of  which  the  mouth  is  situated. 
Ilie  nervous  system  consists  of  a  principal  ganglion,  of  no  great  size. 
MantU. — Both  valves  are  lined  by  a  delicate  membrane  termed  the 
"pallium"  or  mantle;  it  secretes  the  shell,  and  is  generally  fringed 
with  homy  bristles  or  setSB  (PI.  YIII.  Figs.  9  and  10).  It  is  composed 
of  an  outer  and  inner  layer,  between  which  are  situated  the  blood- 
chanuels  or  lacunes.  The  mantle  has  been  ably  described  by  Hancock, 
and  by  E.  Deslongchamps,^  who  observ^es  '^  that  all  the  internal  parts 
of  the  shell  are  lined  by  the  internal  layer  of  the  mantle,  with  the 
exception  of  the  muscular  impressions,  or  those  portions  where  the 
mosoles  are  inserted  on  the  inner  surface  of  the  shell." 

The  outer  layer  closely  lines  the  inner  surface  of  the  valves  to 
which  it  adheres,  and  in  those  species  in  which  the  shell  is  traversed 
by  canals  there  exists  on  the  surface  of  the  mantle  facing  the  inner 
surface  of  the  valves,  corresponding  short  cylindrical  membranous 
projections,  or  cseca,  which  insert  themselves  into  the  small  tubular 
orifices  that  traverse  the  shell  (PI.  VIII.  Fig.  10  c).  The  caacal  pro- 
longations do  not  exist  in  those  genera  such  as  Rhynchonella  where 
the  shell  is  deprived  of  tubular  perforations.  The  inner  layer  is 
rather  thicker  than  the  outer  one,  and  is  covered  with  vibratile 
cilia.  Between  the  two  layers  composing  the  mantle  are  situated 
the  blood-channels  or  lacunaa.  These  vary  in  their  dispositions  or 
details  in  different  genera,  and  as  they  project  to  some  small  extent, 
leave  corresponding  indentations  on  the  inner  surface  of  the  shell, 
bo  that  their  shape  and  directions  can,  very  often,  bo  traced  on  fossil 
and  extinct  genera,  as  well  as  if  the  animal  were  still  living,  as  may 
l>e  seen  in  the  numerous  illustrations  appended  to  my  works  on 
British  and  Foreign  Brachiopoda. 
There  are  usually  four  principal  arterial  trunks  in  each  lobe  of  the 

*  Recherches'sur  1* organisation  du  Manteau  ehcz  les  Brachiopodes  articules,  Caen, 
1864,  and  to  which  the  reader  is  referred  for  further  details. 
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mantle ;  the  two  central  ones  ran  direct  to  the  front,  ne^x  to  which 
they  bifurcate,  while  the  outer  ones  give  off,  at  intervaLs,  on  the  Bide 
facing  the  lateral  margin  of  the  Yalves,  a  series  of  branches  which 
bifurcate  several  times,  as  may  be  seen  in  the  figures  here  reproduced 
from  Hancock's  admirable  work  (PL  Vm.  Fig.  9,  PL  X.  Pig.  4). 
That  eminent  zoologist  observes  that  the  inner  lamina  of  the  mantle, 
and  more  particularly  that  portion  of  it  forming  the  floor  of  the  great 
pallial  sinuses,  undoubtedly  assist  in  purifying  the  blood. 

In  1854,  in  his  review  of  my  Monograph  on  British  Fossil 
Brachiopoda,  Oscar  Schmidt  called  attention  to  an  important 
anatomical  omission,  namely,  the  existence  of  a  vast  number  of 
microscopic  flattened,  calcareous,  denticulated  plates  or  spicules  on 
certain  parts  of  the  surface  of  the  mantle,  which  serve,  no  doubt, 
to  stiffen  the  portions  that  contain  them.  It  was,  moreover 
remarked  by  Hancock,  and  afterwards  by  Deslongchamps,  that 
these  calcareous  plates  "are  not  spread  over  the  entire  surface  of 
the  mantle,  but  only  over  the  large  vascular  sinuses,  the  arms, 
and  the  perivisceral  cavity."  These  spicule  do  not,  however,  ap- 
pear to  be  present  in  every  species,  being  totally  absent  in 
Lingula,  Bhynchonella,  etc. ;  but  Deslongchamps  again  observes 
that,  ''after  an  examination  of  the  genera  Kraussinay  TerebraiuJa, 
Terehratulinaf  Megerlta  and  Morriaia  (Pfatidia),  we  find  a  series  in 
which  the  number  and  consistency  of  the  calcareous  portions  increase 
in  a  very  rapid  manner,  the  spicules  forming  several  layers,  leading 
the  observer  by  a  series  of  gradations  to  the  genus  Thecidium,  in 
which  the  spicules  are  soldered  together,  occupying  the  whole  of  the 
mantle,  and  incruating  it  to  such  an  extent  that  the  mantle  is  no 
longer  distinguishable  from  the  shell  itself.  The  mantle  forms  that 
calcareous  mass,  which  equals  in  consistency  the  brachial  append- 
ages, a  fact  of  wliich  palaeontologists  have  often,  and  in  vain,  sought 
the  explanation." 

The  Brachial  or  Labial  Appendages  are  a  pair  of  singular  organs 
eminently  characteristic  of  the  Brachiopoda.  Tliey  are  often,  more 
correctly,  termed  labial  appendages  on  account  of  each  member  ])eing 
a  prolongation  of  the  lateral  portion  of  the  lips  or  margin  of  the 
mouth.  The  lamellibranchs,  or  concbifera,  have  analogous  append- 
ages, but  very  much  less  developed.  They  assume  different  shapes 
in  different  genera,  and  are  supported,  or  otherwise,  by  the  more  or 
less  complicated  calcified  skeleton  already  described.  The  brachial 
or  labial  appendages,  whether  they  form  a  pair  of  long,  bent,  or 
spirally  convoluted  organs,  occupy  the  larger  portion  of  the  cavity 
of  the  shell,  in  front  of  the  visceral  chamber ;  they  therefore  are 
mainly  composed  of  a  membranous  tube  fringed  on  one  side  with 
long  flexible  cirri  (PL  IX.  Figs.  4,  5,  6),  which  were  not  capable  of 
being  protruded  in  those  families  and  genera  in  which  they  were  folded 
back  upon  themselves,  and  supported  by  a  calcareous  skeleton.  In 
Bhynchonella,  where  the  elongated  spiral  arms  are  only  slightly  sup- 
ported at  their  origin  by  two  short  projecting  calcareous  processes, 
then  could  be  unrolled  at  the  will  of  the  animal  and  protruded  to 
^tance  beyond  the  margins  of  the  valves.     When  forcibly 
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stretched  ont,  they  are  said  to  be  more  than  four  times  the  length  of 
the  shell,  and  to  support  some  3000  cirri  (PL  IX.  Fig.  8).  It 
muBty  however,  remain  for  ever  uncertain  whether  in  the  extinct 
(^nera  Spirifera,  Atrypa,  and  others,  in  which  the  spirally  coiled 
fleshy  arms  were  supported  throughout  their  entire  length  by  a 
calcified  skeleton,  the  animal  could  protrude  its  labial  appendages 
beyond  the  mai^ti  of  the  valves. 

In  some  families — BhynchanellidoB,  ProduetidoB,  and  others — these 
organs  are  spiral  and  separate;  in  others,. I^'n^iiZtc2oe,  only  at  their 
extremities.  It  is  almost  certain  that  these  beautiful  organs,  by 
means  of  their  cirri  and  the  cilia  they  are  doubtless  furnished  with, 
are  not  only  instrumental  in  carrying  floating  nutrimental  particles 
or  minute  microscopic  organisms  to  the  mouth  (which  is  situated 
between  the  appendages  at  their  origin)*,  but  are  subservient  to  the 
fanotion  of  respiration.  Hancock  observes  that ''  to  prove  that  the 
brachial  organs  subserve  the  function  of  gills,  as  well  as  that  of 
Bustentation,  it  is  only  necessary  to  refer  to  the  manner  in  which  the 
blood  circles  round  ihe  arms  (labial  appendages),  and  is  carried  to 
the  cirri;  but  more  particularly  to  its  circulating  through  these  latter 
organs,  returning  direct  from  them  to  the  heart." 

(To  be  eontinued  in  our  next  Number,) 

no.  EXPLANATION  OF  PLATE  VH. 

1.  Terebratula  eeptentrxonalia.    A  cluster  of  eggs  from  the  genital  band  (magnified). 

2. Ee^  from  the  periyisceral  chamber,  imm^ately  after  their  escape 

from  the  palhal  sinuses. 

3. Egg ;  first  ciliated  stage. 

4, 6. Transverse  division  of  embryo,  showing  long  tuft  of  cilia  at  cephalic 

extremity. 

6, 7, 8.  Embryo,  showing  various  outlines  assumed  in,  while  swimming. 

9,  10.   Embryos  attachinj?  themselves  by  their  caudal  segment. 

1 1.  . Embryo  showing  first  appearance  of  caudal  or  peduncular  segment. 

12, 13, 14. Successive  changes  of  the  embryo,  showing  formation  of  dorsal 

and  ventral  areas  by  the  folding  and  growth  of  the  thoracic  ring. 

15,  16.  Embryo,  the  deciduous  seta)  appear  in  this  stage. 

17.  • Free  swimming  embryo. 

18. First  stage,  in  which  the  mouth  makes  its  appearance,  and  dorsal 

and  ventral  plates  become  distinctly  marked. 

19. Earliest  stage,  showing  arrangement  of  deciduous  seteo,  and  contour 

of  embryonic  shell. 

20. A  considerably  advanced  stage,  showing  subsequent  widening  of 

the  anterior  portion  of  the  dorsal  and  ventral  plates. 
All  the  above  emaged  figures  are  taken  from  Prof.  Morse's  memoir  on  the 
embrjology  of  Terebratulina. 

21.  Waldheimia  cranium.     Showing  the  manner  in  which  it  attaches  itself  by  the 

means  of  its  peduncle,    a.  ventral ;  b.  dorsal  valve ;  p.  peduncle. 

22.  Diteina  iameliosa.     Showing  the  manner  in  which  it  attaches  itself  and  forms 

clusters  of  large  dimensions.     Upwards  of   one  hundred  specimens  thus 
attached  were  sent  to  me  by  Prof.  Verrill,  from  Callao,  Peru.    p.  peduncle. 

23.  Crania  ignabergenais  (fossil).     Snowing  the  manner  in  which  it  attaches  itself  to 

submarine  rocks  and  corals  by  a  portion  of  the  surface  of  one  of  its  valves. 

24.  Ckmtten  atriatella  (fossil).     To  show  the  row  of  hollow  spines  that  rise  from  the 

upper  edge  of  the  area  of  the  dorsal  valve. 
2o.  Terebratula  spbaroidalis  (fossil).     Longitudinal  section  to  show  the  loop  and 
large  free  space  for  the  occupation  of  the  animal,    a.  ventral ;  b.  dorsal 
valve. 
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26.  Ihndtonia  VimiuUii  {tomSl).    To  show  the  great  thickneai  of  the  Tentnl  Tain 

a,  and  iti  mode  of  attachment  to  inbmarine  objects  by  a  portion  of  the 
substance  of  this  Talve.  b,  dorsal  valve;  d,  small  free  space  left  for  the 
animal. 

27.  Productut  LlangoUeHtii  {ioml).   Longitodinal  section  to  show  the  neat  difference 

in  thickness  of  the  Talves.    a.  ventral ;  b,  dorsal ;  d.  space  left  for  animal 

28.  Strophomena  Jllota  (fossil).    To  show  the  small  space  left  for  the  animal  betveen 

the  valves. 

29.  Waldheimia  Jlavueens.    Enlarged  section  of  shell  (after  King),    o.  thick  cal- 

careous innermost  division ;  n.  intermediate  thin  calcareous  division ;  m.  outer 
division  of  thin  membrane ;  4,  /.  canals  traversing  the  calcareous  layers 
0  and  »;  the  lower  half  of  the  perforation  being  conaiderablj  smaller  in 
diameter  than  the  upper  one. 

30.  Ttrebratula  bullata  (fossil).    Section  of  shell  near  the  external  surface  and 

parallel  to  it,  showing  the  remarkably  large  siie  and  close  proximity  of  the 
perforations.     100  diameters. 

31.  Waldheimia  Jlavese$M  or  awUralii,    Internal  surface  of  the  shell,  showing  thfi 

imbricated  arrangement  of  the  extremities  of  the  prisms,  which  are  seen 
longitudinally  at  by  ma^ified  100  diameters. 

32. Vertical  section,  considerably  enlarged,  so  as  to  show  the  ordinair 

trumpet-like  form  of  the  vertical  passages  and  remarkable  condition  whifih 
they  exhibit  in  the  inner  and  (probably)  later-formed  layer. 

33.  Rhynchunella  psittaeea.    Portion  of  the  internal  surface  of  the  shell  more  highly 

magnified,  showing  the  imbricated  arrangement  and  the  entire  absence  of 
perforations,  magnified  100  diameters. 

34. Portion  of  the  shell,  showing  at  a  the  internal  surface,  with  the 

imbricated  arrangement  of  the  extremities  of  its  component  primis,  and  at 
b  the  aspect  of  the  prismatic  substance  as  displayed  by  a  fracture  nearly  in 
the  direction  of  the  length  of  the  prisms,  showing  also  entire  absence  of 
the  least  trace  of  perforations.  Magnified  40  diameters.  Figs.  30  to  34 
after  Dr.  Carpenter. 

35.  Lingula  anatina.    Longitudinal  section  of  the  shell  to  show  the  alternation  of 

calcareous  and  homy  layers ;  b,  b,  calcareous  layers  perforated  by  minute 
canals ;  d.  d,  homy  layers.    After  Dr.  Gratiolet. 

36.  Crania  auotnala  (enlarged).     Interior  of  the  dorsal  valve  to  show  the  position  of 

the  spiral  appendages.  From  a  specimen  in  the  Museum  of  the  School 
of  Mines. 

FIG.  CLISTENTERATA.    PLATE  VIII. 

1.  Ttrebratula  earnea  (fossil).     Interior  of  the  dorsal  valve,  to  show  the  short 

simple  loop. 

2.  Terebraiuliua  vaptU'Serpentis,     Interior  of  the  dorsal  valve,  to  show  the  ring- 

sliapcd  loop. 

3.  Ma  gas  pumilwt  (fossil).     Longitudinal  section  to  show  the  large  central  septum 

auil  disunited  deflected  portion  of  the  loop. 

4.  Bouchardia  iulipa.     Interior  of  the  dorsal  valve,  to  show  the  anchor-shaped 

apopliysis. 
6.   T/iecidium  mtdittrranettm.    Seen  in  profile.    The  valves  opened  as  in  life.   After 
Lacaze-Duthiors. 

6.  Spirifvr  Schrtukii  (fossil).    Interior  of  the  dorsal  valve,  showing  the  cardinal 

])rocess,  quadruple  impression  of  the  adductor  muscle,  and  one  of  the  cal- 
careous spiral  lamina)  for  the  support  of  the  labial  appcndagt«. 

7.  Atrypti  ri'ticulariH  (fossil).     Interit>r  of  the  dorsal  valve,  showing  the  position 

and  shape  of  the  spiral  lamiiuc  for  the  support  of  the  labial  appendages. 

8.  One  of  the  spicula)  of  the  mantle  of  Terebratulina  captU'Serpetitix  highly  mag. 

9.  llhyhchonella  psittaeea  (after  Hancock)  much  enlarged.     Dorsal  view  of  the 

animal ;  a.  pallial  lobe ;  c,  peduncle :  d,  great  pallial  sinuses  giving  ofl: 
branches  at  the  margin;  t.  extremities  of  adductor  muscle;  w.  liver; 
X.  spiral  brachial  apparatus;  z.  genitalia  and  muscular  ties  uniting  the 
walls  of  the  genital  sinuses. 

10.  Waldheiiina  amtralia  (after  Hancock).     Diajrram  of  longitudinal  section  of 

marginal  portion  of  valves  in  connexion  with  the  manUe,  much  magnified; 
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c  margin  of  Talye;  f.  ihell  exkibitiiig  prisiiiatie  stnietiire;  «.  e.  paUial 
Gteca  penetrating  ditto ;  d,  great  pallial  sinus ;  e.  marginal  vessels ;  /.  enter 
lamina  of  mantle ;  g,  extermd  reticulated  layer  of  ditto,  in  which  the  pallial 
caeca  take  their  origin ;  A.  homogeneous  layer  of  other  lamina ;  i.  inner 
lamina  of  mantle ;  j\  epithelium ;  k.  k,  membrane  lining  palUal  sinus ; 
ft.  inner  ditto;  o.  marginal  fold;  p.  one  of  the  sete;  g,  follicle  of  ditto; 
r.  prolongation  of  glimdular  matter  of  follicle ;  <•  marginal  muscles ; 
I.  extreme  pallial  margin. 

{FlaU9  IX.  and  X.  ioUl  appear  in  our  negi  Xufnb$r,) 


-Tqe  Maonksian  Limestons  and  New  Bed  Sandstone  in  the 

nsighboubhood  of  nottingham. 

By  W.  T.  Atelinb,  F.G.S., 
Of  the  Geological  Surrey  of  England  and  Wales. 

NCE  the  Oovemment  Geological  Sarvey  of  the  coantry  aroand 
Nottingham  was  mstde  in  the  year  1859,  and  the  Explanation 
iie  Greological  Map  Quarter-sheet  71  N.E.  was  written  in  1861, 
era  hy  lo^  geologists  have  been  written,  stating  that  in  the 
^hbourhood  of  Nottingham  a  perfect  conformity  existed  between 
Magnesian  Limestone  and  the  New  Bed  Sandstone.  This  being 
lly  at  Yariance  with  conclusions  I  came  to  when  I  surveyed  that 
itry,  I  have  been  for  some  time  past  desirous  to  say  a  word  on 
subject,  but  being  deeply  occupied  with  the  old  rocks  of  the  Lake 
rict,  I  have  put  it  off  from  time  to  time.  I  felt  little  doubt  in  my 
d,  when  surveying  the  neighbourhood  of  Nottingham,  that  there 
a  considerable  break  between  the  Magnesian  Limestone  and  the 
7  Red  Sandstone,  and  this  opinion  was  completely  confirmed  as 
mtinued  my  survey  northwards  through  Nottinghamshire  into 
kshire.  Unfortunately  I  did  not  make  a  statement  regarding 
break  between  the  two  formations  in  my  Explanation  on  Sheet 
S.E.  Wishing  to  compress  my  observations  as  much  as  possible 
orm  a  pamphlet,  the  price  of  which  would  not  be  more  than  six- 
ce,  much  that  might  have  been  of  interest  was  left  out  But  in 
Explanation  on  Geological  Map  Sheet  82  N.E.,  the  country 
he  neighbourhood  of  Worksop,  I  have  given  my  proofis  of  this 
it  break.  I  have  shown  that  in  the  district  to  the  north  of 
rksop  the  Permian  series  consists  of  at  least  four  divisions.  To 
in  at  the  top,  there  are  the  Upper  Marls ;  next  below  the  Upper 
piesian  Limestone  so-called,  though  it  contains  little  or  no  Car- 
ate  of  Magnesia ;  then  the  Middle  Marls  and  Sandstones ;  and, 
ly,  the  lowest  and  chief  member  of  the  Permian  series,  the  Lower 
^nesian  Limestone.  I  state  that  the  Bunter  Sandstone  overlaps 
Upper  Permian  Marls  throughout  most  part  of  the  district,  and 
»re  the  neighbourhood  of  Worksop  is  reached  the  Upper  Limestone 
Iso  overlapped.  From  Worksop  southward  to  Nottingham  there 
only  left  the  Middle  Marls  and  Lower  Magnesian  Limestone, 
ween  these  two  places  the  Middle  Marls  are  frequently  over- 
)ed,  and,  finally,  west  of  Nottingham,  the  Lower  Magnesian 
lestone  is  itself  overlapped,  the  New  Bed  Sandstone  resting  on 
Coal-measures.  Therefore,  in  the  neighbourhood  of  Nottingham, 
ead  of  there  being  a  perfect  conformity  between  the  Magoi^&laxi 
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Limestone  and  the  New  Bed  Sandstone,  and  a  passage  from  one  into 
the  other,  there  are  at  least  three  subdivisions  wanting  that  should 
come  between  these  formations. 

I  am  quite  willing  to  admit  that  there  is  a  much  greater  degree  of 
conformity  between  the  Permian  and  the  New  Bed  Sandstone  than 
between  the  Carboniferous  and  the  Permian,  and  that  the  great 
division  between  the  Primary  and  the  Secondary  formations  should 
be  at  the  bottom  and  not  at  the  top  of  the  Permian.  The  links  that 
bound  the  Permian  to  the  Carboniferous  are  now  nearly  all  broken. 
The  Lower  Bed  Sandstone  of  Sedgwick,  or  Bothliegende  of 
Murchison,  lying  below  the  Magnesian  Limestone,  with  its  coal- 
plants  and  even  coal-beds,  is  now  proved  to  be  either  Coal-measuree 
or  MiUstone-grit,  and  the  Permians  of  Staffordshire  and  Warwick- 
shire are  now  said  to  be  Upper  Coal-measures  of  a  red  colour. 

The  relation  between  the  Permian  and  the  New  Bed  Sandstone  is 
an  interesting  question,  but  the  truth  can  only  be  arrived  at  by  a 
statement  of  facts.  I  have  nowhere  myself  seen  a  passage  upwards 
from  the  Permian  into  the  New  Bed  Sandstone,  but  I  will  not  say 
such  a  thing  does  not  occur. 


UL — On  the  Fibst  Stages  of  the  Glacial  Period  in  Norfolk 

AND  Suffolk. 

By   Thomas   Belt,    F.G.S. 

THE  publication  in  the  last  Quarterly  Journal  of  the  Geological 
Society  of  the  most  instructive  paper  by  Messrs.  S.  V.  Wood, 
jim.,  and  F.  W.  Harmer,  on  the  Later  Tertiary  Geology  of  East 
Anglia,  and  one  by  the  latter  author  on  the  Kessingland  Cliff-section 
induces  me  to  offer  the  following  remarks,  with  the  hope  that  mj 
views  may  be  considered  by  geologists  who  have  made  this  questioc 
their  study. 

lyiessrs.  Wood  and  Harmer  show  very  clearly  that  over  most  o; 
Xorfolk  and  Suffolk,  laminated  brick-earths  were  originally  spi^ 
out,  and  afterwards  more  or  less  denuded,  and  in  some  parts  greatly 
contorted  and  disturbed.  At  their  base  lie  pebbly  sands,  which  an 
partly  the  '*  Westleton  beds  **  of  Mr.  Prestwich,  and  above  them  lit 
the  **  Middle  Glacial  sands  and  gravels  "  of  Mr.  S.  V.  Wood,  jun. 

In  nearly  all  the  sections  given  by  the  authors  in  the  above-namec 
memoirs,  and  in  most  of  those  that  I  have  myself  examined,  th< 
brick-earths  and  pebbly  sands  rest  directly  on  tlie  Chalk  or  on  th< 
Newer  Tertiary  beds.  In  the  few  exceptions,  as  in  the  Cromer  Cliff 
section,  and  near  Thetford,  where  these  brick-earths  are  underlaii 
wholly  or  in  part  by  till,  there  is  much  disturbance  of  the  strata,  am 
the  beds  are  «;reatly  contorted  and  folded,  as  has  been  very  fuUi 
described  by  Sir  Charles  Lyell. 

I  have  in  various  papers  urged  that  the  ice  that  flowed  down  th< 
bed  of  the  German  Ocean  reached  to  and  invaded  the  coast  o 
Norfolk ;  and  it  may  very  well  have  been  reinforced  by  ice  tha 
had   rounded  the   southern  end  of  the   Pennine  Chain   from  thi 
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north-west,  as  we  know  that  it  was  of   immense  thickness  in 
I^ncashire.^ 

Now  if  the  brick-earths  had  beea  deposited  before  the  ice  reached 

ths  ooasty  it  seems  not  improbable  that  they  should  be  contorted  by 

it  and  poshed  np  by  the  rising  ice,  so  that  in  some  cases  the  till  would 

be  actiudly  deposited  below  them.    We  find  that  the  ice  has  certainly 

aooonplished  this  with  the   Lias,   the  Eimmeridge-olay,  and  the 

Chalk,  so  that  great  masses  of  them  are  often  found  lying  on  till ; 

and  at  the  Ely  Clay-pit  there  was  a  fine  section  open  last  summer, 

showing  highly  inclined  beds  of  Chalk,   Kimmeridge  Clay,  and 

Keooomian  Sands,  all  underlain  by  till,  and  that  by  crushed  and 

disturbed  beds  of  Eimmeridge-clay. 

Evidence  of  the  passage  of  ice  over  the  district  has  been  found  by 
Messrs.  Wood  and  Harmer  in  the  valley  of  the  Yare,  the  Wensum, 
and  the  Little  Ouse,  and  I  have  noticed  it  besides  in  the  valleys  of 
the  Waveney  and  the  Ouse. 

I  believe  it  was  Mr.  Croll  who  first  pointed  out  that  the  bed  of  the 
North  Sea  between  Scotland  and  Scandinavia  had  been  filled  with 
ice,  and  this  opinion  is  now  held  by  many  geologists.  In  a  Ictter^to 
JofoFv  in  1874,  I  remarked  that,  as  up  to  the  time  of  the  Glacial 
period  the  Straits  of  Dover  did  not  appear  to  have  been  cut  through, 
it  was  evident  that  as  soon  as  the  northern  end  of  the  German  Ocean 
was  blocked  up  by  ice,  a  lake  must  have  been  formed,  which  drained 
to  the  south-west,  and  gradually  wore  out  a  passage  through  the 
Straits  of  Dover.  This  has  appeared  to  many  a  rash  speculation ; 
bat  if  any  one  will  take  the  trouble  to  imagine  what  would  be 
the  necessary  result  of  stopping  the  flow  of  water  to  tho  north, 
before  the  passage  to  the  English  Channel  was  open,  he  will  find 
that  the  tlieory  is  not  aii  improbable  one ;  and  I  am  glad  to  see  that 
it  has  been  indorsed  by  Mr.  Croll.' 

At  first,  when  the  northern  outlet  was  only  partially  obstructed, 
the  water  would  still  be  salt,  though  not  so  much  so  as  the  open  sea, 
and  perhaps  only  stand  a  few  feet  above  the  present  sea-level ;  but 
as  the  ice  advanced,  the  water  would  rise  until  it  overflowed  the 
isthmus  that  then  connected  England  with  the  Continent.  The 
water  of  the  lake  would  be  fresh,  or  but  slightly  brackish,  and  .1 
suppose  it  was  then  that  tho  laminated  brick-earths,  including  those 
of  the  lower  part  of  the  Thames  Valley,  were  deposited.  The  Straits 
of  Dover  were  gradually  cut  through,  and  the  brick-earths  denuded, 
whilst  the  ice  from  the  north  was  slowly  advancing  southward.  At 
last,  I  suppose,  the  ice  reached  the  coast  of  Norfolk,  forced  up  great 
masses  of  Chalk,  and  contorted  and  shifted  the  laminated  brick- 
earths. 

A  branch  of  the  ice-stream  flowed  up  the  Wash,  and  being  re- 
inforced, as  before  mentioned,  from  the  north-west,  reached  certainly 
as  far  south  as  Ely,  and  probably  much  further,  sending  ofl*  a  branch 
along  the  depression  now  occupied  by  the  valley  of  the  Little  Ouse 
and  the  Waveney.     I  suppose  that  the  ice  in  passing  along  the  sea- 

I  Mr.  B.  n.  Tiddeman,  Quart.  Joom.  Geol.  Soc.  yoI.  xxyiii.  p.  471. 
>  Climate  and  Time,  p.  462. 
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bed  bad  become  partly  cbarged  with  mariBe  remains,  and  that  thn 
the  broken  shells  were  introduoed  that  are  found  in  some  of  thi 
Norfolk  drift. 

It  will  be  readily  seen  that  this  is  not  a  tbeoiy  specially  propofie< 
to  account  for  the  phenomena  presented  in  the  Norfolk  and  Suffoll 
beds,  but  rather  an  attempt  to  show  that  they  are  naturally  explatuei 
by  that  of  the  German  Ocean  glacier,  whidi  rests  upon  other  an< 
very  strong  evidence.  I  have,  during  the  last  twelve  months,  die 
cussed  this  question  with  several  geologists  acquainted  with  th 
district ;  and  though  I  cannot  say  that  I  have  made  any  converts, 
have  only  met  with  general  objections,  such  as  the  unwillingness  t 
admit  that  there  was  ever  such  an  accumulation  of  ice  as  would  fi] 
the  bed  of  the  German  Ocean;  this  feeling  seeming  to  over-rid 
every  evidence  of  its  existence.  It  will,  however,  strike  man; 
minds,  that  in  a  theory  so  comprehensive  as  that  whidi  I  have  pro 
posed  to  account  for  the  varied  phenomena  of  the  Glacial  perioc 
there  ought,  if  it  is  not  the  true  one,  to  be  many  facts  tliat  cannot  b 
explained  by  it  I  am  unable,  either  by  my  own  observation  or  b; 
studying  the  works  of  others,  to  find  any ;  and  I  have  thought  tha 
by  presenting  clearly  my  theory  in  reference  to  one  restricted  aret 
and  to  one  portion  only  of  the  Glacial  period,  I  should  offer  a  fai 
opportunity  to  those  who  differ  from  me  to  bring  forward  the  fact 
on  which  they  rely.  I  have  therefore  confined  these  remarks  to  tb 
question  of  the  formation  of  the  Quaternary  beds  of  Norfolk  an 
Suffolk,  up  to  and  including  that  of  the  Cromer  till,  but  have  nc 
here  dealt  with  the  larger  subjects  of  the  Boulder-days  and  Middl 
Glacial  sands  and  gravels,  of  which,  however,  I  have  treate 
elsewhere. 

Briefly,  my  conclusions  respecting  the  beds  in  question  are  a 
follows : — 

1.  The  Cromer  forest  grew  before  the  German  Ocean  had  bee 
blocked  up  to  the  north  by  ice. 

2.  The  fluvio-marine  beds,  lying  above  the  forest  bed  and  th 
pebbly  sands  at  the  base  of  the  laminated  brick-earths,  were  forme 
when  the  northern  end  of  the  German  Ocean  was  partly  obstructed 
so  that  the  water  w«i6  slightly  freshened  and  a  little  raised  alx)ve  th 
2)resent  level  of  the  sea. 

3.  The  laminated  brick-earths  were  deposited  when  the  ice  con 
pletely  blocked  up  the  German  Ocean  to  the  north,  causing  th 
formation  of  a  lake  that  drained  to  the  south-west  and  gradually  ct 
through  the  Straits  of  Dover.  The  water  of  this  lake  was  fresh  c 
but  slightly  brackish. 

4.  Tlio  Straits  of  Dover  were  cut  through,  the  lake  lowered,  an 
the  brick-earths  denuded,  whilst  the  ice  was  advancing  southwai 
along  the  bed  of  the  German  Ocean. 

5.  The  ice  reached  the  coast  of  Norfolk,  and  crumpled  up  an 
shifted  the  brick-earths  that  it  came  in  contact  with,  and  in  son 
cases,  as  on  the  north  coast  of  Norfolk,  where  its  power  was  greate 
pushed  them  up  and  deposited  till  beneath  them,  as  it  did  also  wii 
great  masses  of  Chalk-marl  and  Kimmeridge-clay. 
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lY. — ^NOTBS   OK  THE  GsOLOOT  OF  TBB   LEBANON. 

By  the  Ber.  E.  E.  LbwiSi  M.A., 
Of  the  Syrian  Proteetant  College,  Beiriit,  Syria. 

I  HAVE  been  fortanate  enough  to  obtain  from  the  eastern  slope  of 
Mount  Hennon  (Jebel  esh  Sheeh)  a  large  lot  of  fossils,  which 
not  only  determine  the  gecdogical  position  of  that  part  of  the  Lebanon, 
bnt  also  settle  the  question  of  the  existence  of  Jurassic  formations 
in  Syria.  Of  course  it  has  been  often  enough  asserted  that  Jurassic 
rooks  are  found  here,  but  the  fact  has  not  been  considered  settled 
beyond  doubt. 

U.  Louis  Lartet,  in  his  ''Gk^logie  de  la  Palestine,"  p.  120,  says  : — 
"Le  CidartM  glandifera  et  le  CoUyrites  hicordata  sont  les  deux  seuls 
fbinles  jurassiques  dn  Liban  et  de  TAnti-Liban  dont  I'authenticite 
•oit  jusqu'ici  etablie."  M.  Lartet  evidently  felt  that  Botta,  Russogger, 
ud  others  had  been  hasty,  if  not  inaccurate,  in  their  conclusions. 

Dr.  Oscar  Fraas,  of  Stuttgart,  in  his  *'  Aus  dem  Orient,"  p.  40, 
says  that  his  chief  object  in  visiting  Syria  was  to  determine  "  with 
what  part  of  the  Jura  formation  we  have  hero  to  do,"  and  adds, 
"denn  dass  in  Palastina  die  Juraformation  die  Hauptgruppe  der 
Gebirge  bilde,  war  mir  naoh  Allem,  was  ich  an  Literatur  kannte, 
erne  ausgemadite  Sache." 

Dr.  Fraas,  as  a  geologist  who  had  been  brought  up  among  Jurassic 

foraiations,  and  therefore  by  M.  L.  Lartet  styled  "geologue  juras- 

nen,"  was  without  doubt  competent  to  decide  the  question  which 

he  went  to  decide.     He  examined   the  geological    formation    of 

Palestine  from  Jaffa  to  the  Dead  Sea,  and  from  Jerusalem  to  the 

Hountains  of  Galilee,  and  then   wrote,  "  dass  weder  von  alterer 

Kreide  noch  von  Tertiiir,  geschweige  von  Juraformation  oder  sonst 

eioem  secundaren  Oebirge  die  Eede  ist,  glauben  wir  an  der  Hand 

leitender  Fossile  zur  Geniige  beweisen  zu  kiinnen,"  p.  72.     He  also 

writes,  p.  71,  that  the  formation  which  makes  up  the  Lebanon  is  the 

same  as  that  in  the  south.    These  late  and  trustworthy  investigations 

of  M.  Louis  Lartet  and  Dr.  Oscar  Fraas  certainly  left  the  existence 

of  Jurassic  formations  a  matter  to  be  yet  decided. 

In  the  summer  of  1873  I  first  found,  on  the  eastern  slope  of  Mount 
Hennon  (at  a  place  a  little  north  of  where  M.  Louis  Lartet  found 
specimens  of  Collyrttes  hicordata),  a  lot  of  fossils  which  differed 
from  any  I  had  hitherto  found  in  the  Lebanon.  Dr.  Fraas  had 
never  reached  this  place,  I  believe.  Again,  in  1874,  I  visited  this 
place,  and  collected  a  large  and  exceedingly  valuable  set  of  fossils 
which  I  submitted  to  Dr.  Fraas  for  determination.  The  following  is 
the  answer  returned  by  him : — 


RhifnchomUa  laeunosa,  Buch. 
Terebratida  bisuffareinata,  Ziet. 
Ammonites  tramver»ariu8,  Quenst. 
— -^  dtntatus.  Rein. 

convolutus^  Schloth. 

—  Jlexieostatusj  Phillips. 


Ammonitet  hicticm,  Qucnst. 

perarmatuSf  Sow.,  d*Orb. 

Nucula  variabilis,  Sow. 
-  omata,  Qucnst. 

lacryma^  Morr.,  Sow. 

litUmnites aefnihattatus,  Blainrille. 


Dr.  Fraas  adds  to  this  list,  "  Vraiment  oxfordien  I  tous  dea  fossiles 
correspondent  exactement  aux  fossiles  du  memo  horizont  en  Europe." 
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I  have  to  add  to  the  above  that  I  visited  the  Bammit  of  Meant 
Hcrmon  during  the  summer  of  1875,  and  while  there  obtained  from 
the  live  rock,  near  the  highest  point  at  Kasr  Antar,  a  specimen  of 
Rltynchonella  lacunosa,  Tlie  specimen  was  not  perfect^  bat  there 
could  not  be  much  doubt  about  what  it  was.  It  is  evident  thai 
that  we  have  at  last  obtained  satisfactory  evidence  of  the  existence 
of  Jurassic  formations  in  Syria.  The  beds  on  the  eastern  slope  of 
Mount  Hermon  are  without  doubt  the  White  Jura  and  the  Brown 
Jura  of  the  Germans.  These  beds  are  examined  at  best  advantage 
near  Mejdcl  esh  ShemS;  a  small  village  about  two  hours  north-east  of 
Banias.  The  strata  dip  to  the  south-east  and  disappear  under  the 
Hauran  basalt,  which  here  reaches  its  limit  This  Jura  formation, 
however,  does  not  seem  to  be  limited  to  this  place,  but  evidently 
reaches  to  the  highest  summit  of  Hermon,  thus  establishing  the 
geological  position  of  this  mountain. 

I  have  a  large  collection  of  these  Jurassic  fossils ;   but  to  Br. 
Oscar  Fraas,  of  Stuttgart,  is  due  the  credit  of  identifying  them. 


V. — On  Babon  C.  von  Ettingshausen's  Theoby  op  the  Develop- 
ment OF  Vegetation  on  the  Earth. 

By  J.  Stabkie  Gardner,  F.G.S. 

I.   Genetic  relationship  of  the  Tertiary  Flora-elements^  to  the  living  Floru. 

[Aus  dem  LXIX.  Bande.  der  Sitzb.  der  k.  Akad.  der  Wissensch.  I.  Abth.  Man- 

Ileft,  1874.] 

Baron  Etttngshausen  has  forwarded  to  me  from  Graz  a  series 
of  papers,  relating  more  especially  to  the  Fossil  Floras  of  the  Ter- 
tiary Periods.  We  have  been  made  familiar  with  these  mainly 
through  the  translations  of  tlie  works  of  Heer,  Unger,  and  De  La 
Harpe;  but  to  most  of  the  readers  of  this  Journal  the  work  and 
opinions  of  other  continental  palaeontologists,  such  as  Ettingshausen, 
Massalongo,  and  Saporta,  are  unknown.  It  may,  therefore,  not  be 
out  of  place,  i)eTiding  the  contemplated  publication  by  the  Palax)nto- 
graphical  Society  of  a  monograph  on  the  British  Fossil  Eocene 
Flora,  to  give  in  the  Geological  Magazine  a  brief  analysis  of  their 
theories. 

In  the  first  paper  under  consideration  Baron  von  Ettingshausen 
states  that  the  present  vegetation  is  but  a  phase  in  the  develop- 
ment of  i>lant5,  and  has  resulted  from  earlier  and  preparative  con- 
ditions. By  careful  study  of  living  plants,  we  may  trace  their 
genetic  connexion  with  those  of  Tertiary  times,  and  even  with  still 
more  ancient  Floras.  But  in  this  research,  -at  present,  the  most 
important  of  Fossil  Floras  are  those  of  the  Tertiary  Period,  on 
account  of  their  greater  resemblance  to  existing  forms. 

In  this  period  the  types  .of  actual  living  plants  were  in  existence, 
althouf^h  not  tlion  characterizing  distinct  phyto-regions,  as  we  now  see 
them,  but  all  growing  in  close  proximity.  As  examples  of  this  we 
find,  in  the  same  beds  of  the  Tertiary  formation,  remains  of  European 

*  I  have  pr«*stTVpd  the  original  term  Flora-element,  although  it  is  imfortunatelj 
opeu  to  more  interpretatiomi  than  the  sense  in  which  it  is  here  used. 


of  Development  of  Vegetation  on  the  Earth.  161 

plants  such  as  oak  and  pine  mingled  with  palms  and  other  tropical 

plants' and  with  extra-European  Sequoias,  Cinnamons,  Dryandras,  etc. 

Uaving  worked  out  an  explanation  of  this  strange  mingling  on  the 

supposition  that  these  were  assemblages  of  plants  brought  together 

which  had  grown  at  different  elevations,  Ettingshausen  was  led  to 

abandon  that  theory  by  a  visit  to  the  fossils  in  situ  at  Sreiermark, 

and   became  at  once  convinced  that  tlie  Conifera,  Betulacea  and 

Cnpulifera  had  not  lived  in  zones  above  the  Palms  and  Muaacea,  but 

that  the  otherwise  enigmatical  association  of  these  plants  is  easily 

explainer]    by  supposing  that  the  predecessors   of  our  European 

species,  which  dilier  from  their  descendants  in  many  respects,  were 

fl^le  to  exist  in  a  warmer  climate. 

In  comparing  the  Tertiary  Flora  with  that  now  living,  Ettings- 
hausen considers  the  former  as  a  collective  stock-flora,  which  may 
be  analysed  into  its  component  Flora-elements.  By  Flora-elements 
he  means  all  those  ancient  plant-forms  whose  reprosenta^ves  at 
present  belong  exclusively  to,  and  characterize  some  natural  floral 
region. 

The  genetic  relationship  of  some  of  the  forest  trees  of  the  American 

Continent,  for  example,  to  Tertiary  trees  can  be  traced  directly  from 

horizon  to  horizon,  as  in  the  case  of  Castanea  atavia  to  C,  vesca. 

In  the  development  of  our  European  Flora  the  analogues  of  trees 

now  living  in  America  have  played  the  most  important  parts.     In 

the  Tertiary  times  the  vegetation  of  the  whole  earth  is  supposed  by 

Ettingshausen  to  have  had  one  and  the  same  character,  distinguished 

by  the  general  mixture  of  what  he  terms  all  the  Flora-elements — as 

far  at  all  events  as  climatic  conditions  allowed, — which  contained 

witliin   itself   the   elements    from  which   all  existing   Floras    are 

derived.* 

He  characterizes  these  Flora-elements  as  chief-elements,'  and  col- 
lateral-elements.^ For  example,  the  Mid-European  Flora-element 
in  the  Tertiaries  stands  in  reference  to  the  existing  Flora  of  Europe 
as  chief-element ;  whilst  all  the  exotic  forms  contained  in  the  same 
beds  stand  m  the  relationship  of  collateral-elements.  We  frequently 
see  certain  plants  taking  their  place  in  the  natural  Flora  of  a  region 
whiqh  appear  extraneous  to  the  general  character  of  that  Flora,  some- 
times even  so  abundantly  represented  as  to  influence  the  character 
of  the  Flora.     These  are  descendants  of  collateral-elements. 

Keference  is  then  made  to  the  Flora  of  Japan,  which  presents  a 
mixed  jissemblage  of  tree-forms,  recalling  forcibly  the  Flora  of  our 
Tertiaries.  In  that  place  are  to  be  seen  growing  side  by  side 
apparent  representatives  of  the  vegetation  of  the  East  Indies  and  the 
Amazons,  of  Europe  and  North  America. 

The  same  mingling  of  typps  is  seen,  though  less  markedly,  in  the 
woods  of  North  America.  The  Southern  States  possess  endemic  and 
European,  Japanese  and  sub-tropical  forms.  In  neither  case  could 
this  be  the  result  of  immigration. 

*  The  Flora  of  Araorica,  it  may  be  remarked,  is  now  known  to  have  been  at  least  as 
distinrt  fmm  that  ot  Europe  in  Cretaceous  (h)  times  as  at  present. — J.  S.  G. 

*  Haupt-element.  ^  Nebcn-elemtnt. 
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Glancing  at  the  distinctive  Flora  of  the  Galifomian  ooast-line, 
we  see  a  series  of  European  genera  (although  represented  by  other 
species),  whose  origin  Ettingshausen  states  to  have  been  derived,  in 
Tertiary  times,  from  European  elements,  which  elements,  being 
universally  distributed,  were,  however,  according  to  the  Barons 
theory,  also  present  even  at  that  time  in  California.  As  instances, 
he  traces  the  Califomian  Quercus  Douglasit  and  Q.  agri folia  to  thai? 
supposed  ancestor.  The  greater  the  resemblance  between  different 
species,  the  greater  the  probability  that  they  are  derived  from  a 
common  stock ;  as,  for  example,  we  see  that  Uquidambar  styracifliam 
and  L.  orientale  are  both  derived  from  the  Tertiary  Z.  ewropceum, 
whilst  two  other  species,  closely  resembling  each  other,  L.  altingU 
and  L.  chinenaef  were  derived  from  another  and  still  unknown 
ancestor. 

In  the  phyto-regions  of  Japan,  North  Ameriea,  the  Mediterranean, 
etc.,  alongside  of  the  chief-elements   the  collateral-elements  have 
also  contributed  their  share   to   the  character  of  the   vegetation; 
whilst  in  the  temperate  regions  of  the  Himalayas  and  Andes  they 
have  markedly  influenced   it.     On  the  other  hand,  the  Cape  and 
Australian  Floras  owe  their  pronounced  character  to  a  remarkably 
preponderating  development  of  the  chief-elements,  although,  even 
here,  residua  of  the  collateral-elements  are  to  be  traced.     As  the 
Cape  and  Australian  Flora-elements  are,  upon  this  theory,  derived, 
not  simply  from  the  European,  but  the  universal  Tertiary  Flora  of 
the  temperate  regions  of  the  world,  they  had  originally  the  same 
composition.     At  the  Cape,  plants  of  an  Australian,  and  in  Australia 
those  of  a  South  African  character  grow.     This  theory  explains  the 
community  in  the  recent  Floras  of  both  regions  of  a  number  of 
families  and  genera,  of  which  the  ProteacetBy  Ericaceae  and  half  a 
dozen  others,  are  conspicuous  examples.     In  other  natural  Floras  of 
the  world  remains  of  these  elements  are  also  met  with  as  represen- 
tative genera  and  species.     Thus  in  the  Mediterranean  region  the 
Cape-elenient  is  seen  in  the  Ericas,  species  of  Mesembtyanthemum, 
and  a  Pelargonium  and  ApteraiUhes  (representing  Cai>e   Stapeli<e), 
Callih'is,   belonging    to    the   same    Flora,    is   descended    from    an 
Australian  element.     The  numerous  representiitives  of  the  existing 
Australian-element  in  the  Tertiary  Flora  of  Europe  do  not  indicate 
that  those  belong  to  an  older  type  of  vegetation,  but  simply  show 
the  former  connexion  of  these  Floras  through  the  Flora-elements, 
when  distant  parts  of  the  globe  were  yet  united. 

The  Baron  then  explains  that  in  some  regions  tho  Tertiary  Flora- 
elements  have  come  down  almost  unchanged,  and  in  others  have 
taken  special  characters,  arising  from  the  almost  exclusive  develop- 
ment of  some  only  of  the  Flora-elements,  and  the  expulsion  or 
suppression  of  the  rest.  Besides  the  Tertiary  Floras,  beds  of 
Cretaceous  age  have  furnished  plant-renuiins.  We  can  trace  some 
of  the  Flora  elements  to  this  period,  and  prove  that  in  it  even  simpler 
elements  are  contained,  which  unite  in  themselves  some  of  the  parent- 
stocks,  which  we  have  been  considering  as  Tertiary  Flora-elements. 

Tho  differentiation  of  the  Flora- elements,  commenced,  according 
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to  Ettingshaasen,  in  the  Cretaceoas  epoch,  progressed  continu^ly 
throughout  the  Tertiaries,  during  which  period  was  prepared  the 
way  for  later  and  still  greater  divisions.  With  the  dawn  of  the 
post-Tertiary,  this  differentiation  was  for  the  most  part  accomplished, 
and  in  Europe  the  tropical  and  Australian  forms  had  heen  gradually 
poshed  out  by  those  of  our  temperate  zone.  So  says  Ettingshansen. 
We  eannot  do  better  than  conclude  this  notice  by  translating  almost 
Torbatim  the  inferences  which  he  draws  at  the  conclusion  of  his 
paper  from  the  facts  we  have  been  considering.  They  are  as 
follows : 

1.  All  the  present  natural  Floras  of  the  earth  are  connected 
together  through  the  elements  of  the  Tertiary  Flora. 

2.  The  character  of  a  natural  Flora  is  determined  by  the  more 
pronoanced  dcTelopment  of  some  of  the  Flora-elements  (the  chief- 
elements). 

3.  In  the  construction  of  the  recent  Floras  the  collateral-elements 
InvB  shared,  as  far  as  climatal  conditions  permitted.  A  mixture  of 
plants  has  resulted,  possessing  characters  foreign  to  the  general 
Flora,  sometimes  present  only  in  subordinate  numbers,  but  some- 
times in  such  rich  massea  that  they  appear  distinctly  characteristic. 

4.  The  representative  species  in  the  present  phyto-regions  are 
nembers,  mutually  corresponding  one  with  another,  oi  the  same  or 
nmilar  Flora-elements. 


ITOT'IOES      OIF      ISdlEn^OII^S. 

L — ^The  Inskct-Fauna  of  the  Tebtiaky  Period. 

AT  a  meeting  of  the  Brighton  and  Sussex  Natural  History  Society, 
held  on  March  8th,  at  the  Brighton  Free  Library  and  Museum, 
Mr.  H.  Gk)88,  F.L.S.,  F.Z.S.,  etc.,  communicated  a  paper  on  "  The 
Insect  Fauna  of  the  Tertiary  PericJd,  and  the  British  and  Foreign 
formations  in  which  Insect-remains  have  been  detected."  Mr.  Goss 
remarked  on  the  neglect  of  Fossil  Entomology  in  this  country,  and 
called  attention  to  the  importance  of  an  acquaintance  with  fossil 
insects,  and  the  valuable  conclusions  which  might  be  arrived  at 
from  their  study,  bearing  upon  the  geological  conditions  of  the  earth 
during  the  respective  periods  of  its  existence.  He  also  observed 
that  the  researches  of  Professor  Heer  had  taught  us  that  the  study 
of  insect-remains,  and  a  comparison  of  the  numerical  proportion 
existing  between  the  Carnivorous  and  Herhivoroua  species  of  any 
period  with  that  existing  at  the  present  day,  would  afford  a  valuable 
clue  to  the  state  of  the  vegetation  and  climate  prevailing  in  former 
periods. 

After  quoting  Sir  Charles  Lyell  as  to  the  importance  of  an 
acquaintance  with  fossil  insects,  Mr.  Goss  reviewed  the  bibliography 
of  the  subject,  beginning  with  Scheucbzer's  "  Herbarium  diluvianum^* 
(published  in  1700).  He  called  special  attention  to  the  importance 
of  Professor  Heer's  great  work  "  Die  Insekten  Fauna  der  Tertiar- 
gebilde  von  (Eningeu  und  von  Badoboj  in  Creation ;"  and  to  tk^b 
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• 

ytirr  Taloabb  memoiit  xeoonlly  paUidied  by  IL  OuaUlett  Mr.  &  * 
H.  Boodder,  and  otfaem.    Eb  alio  dmr  attention  to  tfatt  fiwt  diaft  tiie 
Bey.  P.  B.  Brodie  had  pubUahad  a  book^  on  ihia  aalaeot  ao  kag 
back  aa  1846. 

Mr.  Goaa  than  niada  aome  <A)aerfationa  aa  to  the  natan  of  tl» 
atrata  in  irfaioh  inaeot-remaina  weia  moat  oommonly  dateoiad,  aad  | 
offered  aome  explanation  of  the  roaaona  why  fiiaaO  inaaota  wm 
frequently  met  with  in  marine  finmaliona.  He  than  .wfiawad  ia 
deaoending  order  the  prindpal  depoaita  of  the  Teftiacy  period  ia 
which  inseot-remaina  had  been  deteoted  in  Great  Britttn,  on  the 
Oontinenty  and  in  Ameriea. 

After  alluding  to  the  remaina  of  a  few  inaeota  ftmn  Poat-Tartiaiy 
atrata,  indading  CoUopima  from  the  Poat^laoial  Drift  near  CU- 
oheater,  and  the  Foreat  bed  and  laooatrine  depoaita  in  the  oliii 
along  Uie  Norfolk  ooaat,  and  from  the  lignitea  of  Umaoh  in  Bwit■e^ 
land,  he   prooeeded  to  enumerate  the  <ndera  of  ioaeota,  and  the 
nnmbera  of  eacby  detected  in  Britiah  and  Foreign  Tertiary  atnUa. 
With  the  ezoeption  of  a  few  (kkofiera  from  the  Lower  Miocene  of 
Antrim,  Ireland,  and  from  the  Middle  and  Lower  Eooene  of  the 
Isle  of  Wight,  no  well-authentioated  remaina  I4meared  to  haire  been 
fbond  in  Engliah  atrata  of  thia  period.    On  tibe  Continent  they 
appeared  to  lulve  been  fomd  in  more  or  leaa  abnndanoe  at  OBningan 
in  Switzerland,  Badoboj  in  Oroatia,  Gorent  and  Menat  in  An^vergne, 
Siebengebeige  on  the  Bhine,  Aix  in  Provenoe^  and  Monte  Boloa  in 
Upper  Italy. 

The  author  quoted  Sir  C.  Lyell'a  description  of  the  CEningen 
strata  belonging  to  the  Upper  Miocene  period.  From  these  strata 
Prof.  Heer  obtained  5081  specimens,  comprising  644  apeciea,  Tiz  : — 
Coleoptera^  518  species;  NeuroptUra^  27;  SymmMpUrm^  80;  IHpUr% 
63 ;  Heniiptera^  183 ;  Orihoptera,  20 ;  ZepuhpUra,  3. 

Mr.  Gobs  alluded  to  the  large  proportion  of  Herbivorous  CUeop- 
tera  amongst  the  <Eningen  fosierils,  and  remarked  that  aa  they  were 
always  more  abundant  as  the  £quator  was  approached,  it  might 
be  inferred  that  the  climate  of  CEningen  was  at  the  period  someivhat 
more  tropical  than  at  the  present  day,  and  this  waa,  he  said,  the 
opinion  of  Dr.  Heer  and  M.  Oustalet  Allusion  waa  then  made  to 
the  present  geographical  distribution  of  the  CEningen  speoiea. 

From  the  Middle  Miocene  formation  of  Badoboj  about  312  speoiea 
had  been  detected.  In  these  strata  the  Hymenopiera  were  the  beat 
represented.  The  Butterflies  were  represented  by  three  apeotea,  one 
of  which  belongs  to  an  extinct  genus. 

According  to  the  researches  of  Bronn,  Qermar,  Giebel*  Br.  Heer, 
Dr.  Hagcn,  and  Herren  C.  Ton  Heyden  and  L.  von  Hoyden,  the 
lignites  of  Hott  in  Siebengeberge  near  Bonn,  belonging  to  the  Lower 
Miocene,  have  produced  about  90  species.  From  other  deposits  of 
Brown  Coal  shont  125  species  had  been  described  by  Dr.  Hagen, 
©•  von  Heyden  and  others. 

Mr.  QoBB  drew  attention  to  the  remarkable  formation  known  aa 

^  '*  On  the  Fossil  Insects  of  the  Soeondary  Bocks,"  contaimn^  maoj  intnettisff 
determinations  of  fossil  insect-remuis,  by  tbe  Eev.  P.  B.  Brodia,  ud  Prat  J.  (I. 
Wegtwood,  of  Oxford, 
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''Indasial  Limestone**  and  to  other  strata  of  the  Auvergne,  Central 
France.  From  these  strata  M.  Onstalet  had  described  some  49  species, 
30  of  which  were  referable  to  the  order  Diptera. 

Seferenoe  was  then  made  to  the  formations  of  Aix,  in  Provence, 
belonging  to  the  Upper  Eocene  period,  from  which  more  fossil  insects 
had  been  obtained  than  from  any  other  deposits  except  (Eningen. 

One  noticeable  fact  about  these  strata  was  that  out  of  the  nine 
Butterflies  detected  in  the  European  Tertiaries,  5  of  them  had  been 
found  here. 

The  marls  and  limestones  of  Monte  Bolca  belonging  to  the  Middle 
Eocene  period  were  next  referred  to ;  seven  species  of  insects  have 
been  described  from  them  by  Signer  Massalongo. 

The  American  strata  of  the  Tertiary  period  in  which  fossil  insects 
bad  been  discovered  were  then  noticed.  It  appeared  from  a  paper 
of  Mr.  Scudder's  that  Mr.  Bichardson  had  discovered  about  40 
species  of  insects  in  these  strata ;  besides  these,  about  31  species  of 
Coleoptera  have  been  described  by  Mr.  S.  H.  Scudder  of  Boston, 
U.S.A. 

In  conclusion,  fossil  resin,  or  amber,  from  the  Baltic,  was  de- 
ficribed,  and  a  list  of  the  genera  of  the  various  orders  of  insects 
discovered  therein  was  given,  and  allusion  was  made  to  the  various 
writers  who  had  treated  of  amber  and  its  organic  remains. 


11. — On  some  Fusuuna  Limestones.    By  Dr.  G.  Staghe. 

Imper.  Geol.  Instit.  Vienna,  Meeting  December  19,  1876. 

[Communicated  by  Count  Marschall,  F.C.G.S.,  etc.] 

A.  From  Upper  Carniola. 

VTEW  localities  of  Fusulina-rock  in  this  district  are — 1.  The 
11  Leptlin  ravine,  near  Fauerburg ;  in  the  Carboniferous  area  of 
black  and  grey  limestones  and  calcareous  breccias.  2.  Assling; 
white  doloraitic  limestones.  3.  Neumarkt ;  dark-red  calcareous 
breccias.  4.  The  Gerauth  Valley,  near  Neumarkt;  black  lime- 
stones. 6.  The  same  locality ;  white  and  ligbt-grey  limestones. 
6.  Brown  sandy  marls. 

Tlie  black  limestones  of  the  first  of  these  localities  are  particularly 
rich  in  large  spherical  forms,  some  of  them  agreeing  with  Fimulina 
princepsy  Ehrenberg.  sp.  Other  deposits  contain  a  series  of  forms 
approaching  externally  the  type  of  F.  cylindrica  or  of  F.  ventricosa. 

The  facts  at  present  known  concerning  the  Fusulina-beds  in  the 
Southern  Alps^  lead  to  the  following  conclusions : — 

1.  The  West  to  East  extension  of  these  beds  in  the  Southern  Alps 
is  probably  very  considerable. 

2.  These  strata  differ  much  in  petrographical  type;  they  repre- 
sent, however,  a  definite  fades  among  the  Carboniferous  group,  in 
8ome  way  analogous  to  that  of  the  Alveolina-beds  of  the  Istrio- 
Dalmatic  Lower  Miocenes. 

3.  These  Fusulina-rocks  appear  at  various  horizons  both  above 
and  below  the  Upper  Carboniferous  series.     They  constitute,  how- 

*  See  also  notes  by  Prof.  E.  Snese,  Proceed.  Imp.  Geol.  Inst.Tieiflia,  3w!lA,\^"^^« 
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ever,  a  odiereut  gnnip  of  beds.  HMdnlj  bdonging  to  the  qiper  mk- 
diviuoa  of  the  Otrboniferoiu  grom,  Hun  loprmea&aiM  a  aee-ooiifc 
faeieM,  nearly  equivalent  to  the  dry  huidfaau  of  the  Upper  Onbca- 
iferooB  Bab-diviakm  aboaidiiig  in  vegetable  rBmaina. 

The  TosiilinapIimeBtonee  of  this  island  axe  repmented  by  two 
varieties  (probably  from  diflforent  horizons),  differing  both  fitho- 
logios^  and  paltBontolo^oaliy. 

1.  The  prevalent  variety  is  a  somewhat  silioeons  Timestnne,  im- 
eqaally  speoUed  with  light-yellowish  and  xeddiA-grej  odloon, 
interseoted  by  white  and  reddish  veins  and  flmnes,  and  aboondisg 
in  large  spherical  HumUnm,  These  ooour  nearly  complete^  and  some- 
what silioifled;  or  appear  in  various  sections  on  the  soxfiioes  sltered 
by  decomposition.  The  prevalent  form,  with  nmneroos  whoris  of 
the  spiral  b  essentially  different  from  the  form  figored  by  Mr. 
Brady  ^  as  FiuuUna  prine^^  ISixenb.  sp.,  showing  (like  die  Isige 
spherical  forms  fit>m  Carinihia  and  Uamiola)  onlv  six  wfaorU 
The  new  species,  externally  similar  to  die  foor-whorled  Gsrinthis& 
F,  Hoeferi,  St,  is  F.  VerbeM,  Qeinits,  characterized  by  the  presenoe 
of  from  ten  to  twelve  whoris. 

Some  sections  are  referaUe  to  Jheolina^  or  to  a  ^^ns  nesriy 
allied ;  being  types  of  a  new  species,  AlveoUna  (?)  aiantUL, 

2.  The  second  variety  of  Fusalina-rook  is  a  variegated  and 
generally  fine-grained  breccia,  including  some  spherical  forms,  and 
very  many  sections  of  more  abundant,  smaller,  cylindrical,  thick- 
fusiform  or  oblong-oval  individuals,  varying  in  dimensions.  Accord- 
ing to  the  position  of  analogous  calcareous  breccias  in  the  Southern 
Alps,  these  Bomean  breccias  may  belong  to  an  horizon  immediately 
above  that  of  the  first  variety. 

C.  From  ihe  Isle  o/  CMob. 
According  to  Mr.  Teller,  the  Fusulina-limestonestbere  appear  so 
widely  spread  in  the  form  of  blocks  and  smaller  fragments,  that 
they  may  be  supposed  to  be  a  rather  important  constituent  in  the 
geological  structure  of  this  island.  These  limestones  are  grey,  and 
include  an  abundance  of  broken  stems  of  Crinoids,  together  with 
rather  frequent,  large,  and  elongated  FusuUna,  standing  next  to  the 
Carinthian  F.  Suessi,  St.,  and  to  the  American  F.eUmgata^  Shum. 
Certain  reddish  and  yellow  portions  of  the  limestone,  rather  sandy 
and  argillaceous,  exhibit  on  their  decomposed  sur&oes  several  smaller 
forms  of  Foraminifera. 


in. — On  thk  Jubassio  Formations  op  Russia.    By  Dr.  Nxuxatr. 

From  the  Reports  Imperial  Geological  Institute  Vienna,  October,  1876. 
[Communicated  by  Count  Mabschall,  F.C.Q.S.] 

A  (SEAM  of  earthy  hrownish  coal,  with  coniferous  wood,  resting 
on  limestone,  considered  to  be  Devonian,  is  worked  at  Tchoal- 
kowo,  south  of  Moscow.     The  coal-seam  is  overlain  by  a  bed  of  day 
with  py ritized  Cephalopods  characteristic  of  the  lowermost  Jorassics. 
^  GsoL.  Maq.  New  Series,  YoL  IL  p.  637,  PL  XIII.  Fig.  S. 
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Hie  Upper  Jarasrio  division  is  represented  by  light-ooloured  glau- 
cooidc  limestones,  containing  Cephalopods,  Gasteropods,  and  Bra- 
cfaiopods.     Dr.  Neumayr  found  the  following  fossils  in  the  clay  : — 
Bdrpoeeras    Brighii,   Pratt;    H.  lunula,  Ziet. ;   Perisphinctes   scapi- 
"^nwtt,  sp.  nov. ;   P.  Mosquenais,  Fischer  (a  characteristic  Russian 
form) ;  Stephanoeeras  eoronaiwoij  Brug. ;    Cosmoceras  Jaaon,  Ztet. ; 
and  C,  Pollux,  Rein. ;  all  in  a  state  of  preservation  closely  resem- 
bling that  of  the  fossils  in  the  Omatus-clays  of  Swabia.     Of  the 
tbove-naraed  seven  forms,  five  are  commonly  met  with  in  the  Middle 
•nd  Upper  Callovian  of  W.  Europe,  the  zones  of  Simoceras  anceps, 
and  of  Perisphinetes  athleta ;    they  must  be  considered   as  /mmt- 
granU ;  and  even  the  two  others  may  be  modified  descendants  (?)  of 
Pen$phinctes  eurvicosta,  a  form  widely  spread  over  Central  Europe. 
The  Fauna  of  Tchoulkowo  is  exceptional   among  the  Jurassic 
Faunas  of  Russia,  both  by  its  antiquity  and  by  its  striking  analogy 
to  those  of  Western  Europe.    The  Fauna  from  the  red  and  yellow 
Sandstones  of  Jelatma  on  the  Oka  is  next  related  to  it. 
The  Russian  Jurassic  formations,  in  descending  order,  are : — 
a.  Inoceram  US-bed  of  Simbirsk. 

6.  Olive-green  glauconitic  sandstones,  with  Amaltheus  caienulaius, 
Fisch.,  and  Perisphincies  fulgens,  Trauts. 

e.  Aucella-bed,  with  Amalth,  catentdatus,  Fisch.,  and  Aucella  Mos- 
ftensis.  (Upper  Moscow  bed.) 
(2.  Beds  with  Pertsphinctes  virgatus,  von  Buch.  (Mid.  Moscow  beds.) 
e.  Beds  with  Amaltheus  altemans,  von  Buch.  (Lower  Moscow  beds.) 
/.  Strata  of  Tchoulkowo  and  Jelatma,  with  Cosmoceras  Jason, 
Ziet,  and  Stephanoceras  coronaium,  Brug. 

g.  Belemniie-shalos  of  Jelatma  ;  besides  several  merely  local 
deposits. 

According  to  Dr.  Trautschold,  the  division  e  answers  to  the  de- 
posits between  the  lowest  "Bathonian"  and  the  uppermost  **Oxford- 
ian ; "  division  d  being  the  *•  Kimmeridgian ; "  and  division  e  the 
"Portlandian." 

Dr.  Neumayr  is  of  opinion  that  only  ten  species  of  West-Euro- 
pean Cephalopods,  all  characteristic  of  the  Middle  and  Upper 
"Callovian"  and  of  the  Upper  and  Middle  "  Oxfordian,"  are  met 
with  in  the  Russian  Jurassics,  among  which  only  the  deposits  of 
Tchoulkowo  and  Galiowa  can  be  paralleled  with  those  of  Western 
Europe.  The  Fauna  of  the  clays  of  Tchoulkowo  and  the  equivalent 
deposits  of  Jelatma  answer  exactly  to  that  of  the  Upper  and  Middle 
''Callovian,"  including  a  number  of  forms  identical  with  those  of 
Western  Europe.  The  horizon  of  Galiowa  (division  c)  yields  forms 
referable  to  the  zones  of  Aspidoceras  perarmatum  and  Peltoceras  trans- 
remarium,  together  with  some  specially  Russian  species.  Some 
forms  of  division  d  may  be  considered  to  be  representative  types  of 
Western  forms,  such  as  Perisphinctes  virgatiis,  P.  polyplocus,  P, 
PaVasianus,  d'Orb.,  and  P,  WtUeanus,  Oppel. 

The  divisions  a,  b,  and  c  may  be  considered  as  equivalent  to  the 
Uppermost  Jurassics;  possibly  division  a  may  be  even  ranked 
among  the  Cretaceous  series.    The  concordance  with  \Ve^t-¥lv«Q- 
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pean  forms,  so  conspicuous  in  the  lower  horizons,  gradually  di- 
minishes upwards.  The  "  autochthonio "  forms  of  the  Moscow 
Jurassic  fauna,  that  is,  those  originated  within  the  Centro-Kiissiau 
Basin  by  trans  formation  (?)  of  immigrated  Western-European  forms, 
are  associated  with  the  transformed  (?)  offspring  of  Indian  imini- 
grants  (as  some  Perisphinctcs,  standing  next  to  P.  freqnens,  Oppel,  a 
Tibetan  form);  and,  in  division  c,  with  those  from  a  third  (northern) 
origin,  such  as  Amaltheus  catenu!atn». 

From  all  these  facts.  Dr.  Neuraayr  endeayours  to  trace  five  distinct 
phases  in  the  fonnation  of  the  Russian  Jurassics : — 

1.  Crimeo-CaucaBian  phase.  Previously  to  the  deposit  of  the 
"  Kelloway "  beds  the  Russian  Basin  is  invaded  by  the  sea,  and 
Belemnitic  shales,  analogous  to  those  of  the  Crimea  and  the  Can- 
casus,  are  deposited. 

2.  Free  communication  with  the  Centre-European  sea  existing 
during  the  **  Middle  Callovian"  Period,  immigration  and  exclusive 
prevalence  of  a  Fauna  of  unmixed  Contro-European  type  obtain. 

8.  Continued  immigration  of  Western  forms ;  and  immigration  of 
others  from  the  newly  opened  Indian  Sea,  in  the  beginning  of  the 
**  Oxfordian  "  Period ;  with  transformation  (?)  of  the  immigrants 
into  autochthonio  forms. 

4.  Connexion  with  the  Western  Sea  closed ;  development  of  a 
special  Russian  Fauna  in  the  Pertsphhictes  virgains  beds;  Centro- 
European  forms  only  represented  by  analogous  species. 

5.  Great  Nortliern  transgression,  coeval  with  the  deposition  of  tlu 
Ancella  beds;  communication  with  tho  Northern  Sea  (probabh 
already  existing)  notably  enlarged ;  immigration  of  Aucel/a,  Amal 
theim  catenulatus,  and  other  extraneous  types. 

])r.  Neuniayr  described  two  new  species  :  PertspJiinctes  scopinensi 
from  the  Ornatua-clavs.  and  Wnldheimia  Trautacholdi  from  tlu 
glauconitio  limestones  of  Tcboulkowo. 

IV. — Remains  of  Man  and  Pleistocene  Animals  in  the  Loess  o: 
THK  Danube.  (From  the  Vienna  Imperial  Acad.  Sciences 
Meeting  February  1,  1877.) 

rpiIE  Danube,  during  tho  Diluvial  (Pleistocene)  Period,  covered 
L  all  tho  northern  portion  of  tho  Vienna  Basin  ;  and  left,  on  it 
retreat  to  its  present  channel,  a  thick  deposit  of  laminated  loan 
(Loess),  overlying  the  TertiariCvS.  Near  Zeiselberg,  at  the  mouth  c 
the  Kamp  Valley,  Count  Wurmbrand  discovered  in  1876,  l>eneat] 
unmoved  layers  of  Loess,  a  rich  deposit  of  bones,  and  under  tha 
a  blackish  stratum  aboundinfj  with  frafcments  of  charcoal  an 
with  flints  bearing  traces  of  human  workmanship.  Other  deposit 
also  with  bones  and  worked  flints  exist  in  the  neigh bourhooc 
The  bones  in  tho  Loess  hero  are  those  of  Diluvial  (Pleistocene 
animals,  namely,  Mammoth,  Rhinoceros,  Reindeer,  Horse,  Oi 
Wolf,  and  Bear.  The  local  conditions  contradict  the  supposition  tho 
theso  remains  were  carried  to  their  present  position  from  a  distanc 
by  currents  of  water  or  other  agency.  The  excavations  are  still  goin 
on,  partly  at  the  expense  of  the  Vienna  Academy.  Count  M. 
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7.— Fossils  from  the  Coal-Msasures  of  Bohemia.     By  D.  Stttr 
and  A.  Fritsoh.   Imp.  Qeol.  Inet  Vienna,  Meeting  Dec.  5, 1876. 

[Communicated  by  Count  Mabschall,  F.C.G.S.] 

1.  Three  species  of  fossil  Plants  were  lately  found  for  the  first 
time  between  the  first  and  second  Goal-seams  of  the  Kludno-Schlan 
Basin,  namely,  Sphenopteris  irregidans,  St.  (together  with  Astero- 
earpus  Wolfi,  Stur,  in  the  same  state  of  preservation  as  in  the  roof  of 
the  upper  Coal-bed  of  Radnitz) ;  Alethopteria  Serlii,  Brongn.  (only  the 
apex  of  a  frond)  ;  and  Feeopteria  eleganSy  Germ,  (a  large  fragment 
of  a  frond,  agreeing  in  minute  details  with  a  specimen  from  Wettin 
in  Saxony). 

2.  Animal-remains  have  only  been  met  with  in  one  subdivision 
(Radnitz  Beds)  of  the  Centro-Bohemian  Carboniferous  Formation. 
They  all  belong  to  essentially  Terrestrial  Animals — Crustaceans, 
Ar<ichnids,  and  Insects  ;  and  are  distributed  thus : — 

In  the  roof  of  the  upper  Radnitz  Coal :  Lepidoderma  Imhqfi, 
Reuss;  Xyloryctes  planus  {borings). 

In  the  upper  Radnitz  Coal-seam :  Gampsonyx,  sp.  (in  laminated 
coal). 

In  the  roof  of  the  lower  Radnitz  Coal :  Palaranea  horassifolia, 
Fr. ;  Cyclophthalmus  senior  {Microlahis  Sternheryi),  CordA;  Xyloryctes 
uptarius  (borings). 

In  the  floor  of  the  Radnitz  Beds :  Gampsonychus  parallelus,  Fr. ; 
Aeridites  priscus,  Andr^. 

Excellent  specimens  of  all  these  forms  are  preserved  in  the  newly 
eetablished  Geological  Museum  of  Prague. 

VI. — Tfie  Distribution  op  the  Cephalopoda  ix  the  Upper  Chalk 
OF  North  Germany.  [Verbreitung  der  Cephalopoden  in 
DER  oberen  Kreidb  Nord  -  deutschlands,  von  Clemens 
Schluter.]  (Zeitschrift  der  Deutschen  geologischen  Gesell- 
schaft,  Band  xxviii.  heft  3.) 

THIS  Memoir  by  Herm  Clemens  Schluter  constitutes  a  kind  of  sup- 
plement to  his  work  "  Cephalopoden  der  oberen  deutschen  Kreide." 
The  Upper  Cretaceous  beds  of  North  Germany  are  subdivided  into 
the  following  zones  in  ascending  order,  viz. : — 

Zone  of  Picten  asper.  Zone  of  Inoceramua  Cuvieri, 

Amm.  variant. 
Amm.  Rhothomagen8%8, 
Aetinoeamax  planus. 
Inoeeramus  labiatus, 
Inoceramus  Brongniarti. 
Heteroceraa  Meussianum, 

A  brief  sketch  of  the  geographical  extent,  and  equivalents  in 
France  or  England  when  such  exist,  together  with  a  list  of  the 
Cephalopoda  obtained,  is  given  under  each  of  these  headings ;  whilst 
appended  will  be  found  a  table  showing  the  respective  vertical 
mnges  of  the  155  species  of  Cephalopods  in  the  Chalk  of  North 
Germany ;  or,  rather,  their  respective  positions  in  the  vertical  series : 
for  the  most  prominent  fact  revealed  in  this  table  is  the  limitation  of 
these  several  species  to  the  different  horizons,  only  a  few  \>e\w^ 
common  to  two  or  sometimea  three  consecutive  zones.        "BS.N^ . 


„  Amm.  Marga. 

„  Scaphitea  binodostu. 

„  Becksia  Soekelandi. 

„  Amm.  Cossfeldienais. 

„  ITeteroceras  polgploeum. 
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I. — On  the  Loess  of  the  Bhine  and  Danube.    By  Thos.  Belt, 
F.G.S.     (Quarterly  Journal  of  Science,  January,  1877.) 

THE  Loess  in  the  valleys  of  the  Bhine  and  Danube  has  formed 
the  theme  of  many  papers  published  both  here  and  on  tbe 
Continent,  and  numerous  theories  have  been  advanced  respecting 
its  origin ;  but  probably  no  bolder  hypothesis  has  been  put  forwai-d 
than  that  now  propounded  b}'  Mr.  Belt. 

The  paper  commences  with  a  description  of  the  character  and 
extent  of  this  deposit,  the  position  it  occupies  with  respect  to  the 
rivers  and  slopes  of  the  valleys  being  illustrated  by  woodcuts  (in 
which  the  vertical  scale  is  of  course  greatly  exaggerated).  The 
greatest  elevation  to  which  it  attains  in  the  valley  of  the  Bhine  is 
800  feet  above  the  sea-level,  whilst  in  the  basin  of  the  Danube  it  has 
been  found  at  a  height  of  1300  feet  above  the  sea. 

Mr.  Belt  thinks  that  he  has  been  able  to  trace  the  gradual  passage 
of  the  Loess  into  the  northern  drift;  and  the  animal-remains  that 
are  found  in  it  being  of  the  Glacial  type  (see  ante,  p.  168),  be  is  led 
to  class  the  Loess  as  the  southern  equivalent  of  the  northern  drift 
(the  Upper  Boulder-clay  of  Searles  V.  Wood). 

Bespecting  the  origin  of  this  wide-spread  alluvium,  the  author 
shows  in  the  first  place  that  it  must  have  been  deposited  subsequent 
to  the  excavation  of  the  valley  system,  and  not  during  the  course  of 
its  formation;  and  he  complains  that  "the  usual  explanation  of  the 
facts  of  the  Glacial  period  is  one  continued  appeal  to  the  hypothesib 
of  great  oscillations  of  the  earth's  surface  at  that  time."  '*  But  is 
there,"  he  asks,  **  really  no  other  way  of  getting  water  up  to  the 
heights  we  require  without  resorting  to  this  extreme  hypothesis?*' 
This  "  other,"  and  simpler,  way  is  to  be  found  in  the  theory  already 
advanced  by  Mr.  Belt  on  a  former  occasion  when  treating  of  the 
deposition  of  the  Northern  drift,  viz.  "  That  the  ice  of  the  Glacial 
period  flowed  principally  down  the  ocean  depressions,  and  blocked 
up  tlio  drainage  of  the  continents  as  far  as  it  extended,  causing 
immense  lakes  of  fresh  or  brackish  water."  Mr.  Belt  then  explains 
how,  according  to  his  hypothesis,  a  glacier  of  fresh-water  ice  oc<3upied 
the  basin  of  the  Atlantic,  and  reared  its  snowy  crest  some  1700ft 
above  the  now  sea-level,  damming  back  the  drainage  of  Europe,  and 
converting  the  lowlands  into  a  lake  studded  with  icebergs.  This 
huge  lake  **  was  once  completely  drained ;  at  first  gradually,  but 
from  about  500ft.  above  the  present  level  of  the  sea  suddenly  and 
tunuiltuously  by  the  breaking  away  of  the  icy  barrier,  and  thus 
was  produced  a  gi-eat  deluge  or  deluicle  that  swept  over  the  low- 
lands, and  covered  them  with  a  mantle  of  false-bedded  sands  and 

gravel After  being  thus  broken,  the  icy  barrier  soon  closed 

up  again,  and  the  great  lake  was  refonned,  and  this  time  was  much 
more  permanent." 

Such  is  the  picture  of  the  Physical  Geography  of  the  period  given 
us  by  Mr.  Belt;    but  whether  the  land  to  the  south  is  sufficiently 
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^  and  cx>ntmaoii8  to  maintain  the  waters  of  an  immense  lake  at 
nch  an  elevation  as  1700ft.  above  the  modem  sea-level,  or  whether 
the  presence  of  snch  an  enormous  body  of  ice  would  not  be  likely 
to  freeze  up  the  rivers  altogether,  Mr.  Belt  does  not  tell  us. 

B.  B.  W. 

n. — ^Professor  L.  Q.  de  Eoningk  on  the  Paueozoio  Fossils  of 
New  South  Wales,  [**  Recherohes  sub  lks  Fossiles  PALio- 
zoiQUES  DE  LA  Nouvelle-Galles  du  Sud  (Austbalie)."]  Re- 
printed from  the  Mdmoirea  de  la  Soeiiii  Boy  ale  des  Sciences  de 
Liege,  2*"*  serie,  t  vi  (1876),  140  pp.  8vo.  and  4  quarto  plates. 

IN  this  important  Memoir  Professor  de  Eoninck  describes  all  the 
Silurian  and  Devonian  species  which  have  been  collected  by 
the  Rev.  W.  B.  Clarke,  F,R.S.,  in  New  South  Wales  during  thirty 
years  of  scientific  labours  in  the  colony.  The  following  paragraph 
of  the  Introduction  hints  somewhat  obscurely  at  the  reasons  which 
induced  Mr.  Clarke  to  send  his  fossils  so  far  to  be  named,  and  perhaps 
demands  fuller  explanation.    Prof,  de  Koninck  says : 

"Mr.  Clarke,  in  communicating  to  me  the  Palsdozoic  fossils 
gathered  by  his  care  in  New  South  Wales,  wished  to  check  his  own 
observations  and  to  confirm  their  accuracy  in  a  manner  which  he 
has  not  dreaded  to  seek  five  thousand  leagues  from  the  country 
explored  by  him,  when,  with  inconceivable  want  of  judgment  [aber- 
ration d^ esprit],  certain  geologists  disdained  to  make  use  of  them, 
although  ready  at  hand,  in  arriving  more  surely  and  quickly  at  the 
methodical  classification  of  the  formations  the  study  of  which  was 
confided  to  them."  (p.  6.) 

Whatever  may  be  alluded  to  in  these  words,  it  is  clear  that  no  one 
could  have  set  about  the  work  of  determining  the  species  represented 
in  Mr.  Clarke's  collection  with  more  zeal  or  learning  than  the  great 
Belgian  palsBontologist. 

Fifty-nine  Silurian  species  are  enumerated  and  described.  Of 
these,  twenty-seven  are  referred  to  the  Ludlow  horizon,  and  the 
remaining  thirty -two  to  the  Upper  Llandovery,  the  greater  number 
of  the  former  consisting  of  Corals  and  Crustacea,  and  the  latter  almost 
exclusively  of  Mollusca  and  Crustaoea.  No  Graptolites  are  recorded 
from  New  South  Wales,  although  they  are  common  in  Victoria 
(:=Bala  Beds,  according  to  Prof.  McCoy  and  Mr.  Etheridge,  jun.). 

Thirteen  species  are  described  as  new,  but  here,  as  in  the  case  of 
most  of  the  thirty  new  Devonian  forms  described,  they  all  belong  to 
Earopean  or  American  genera,  of  which  closely-allied  species  are 
known. 

The  Upper  Silurian  Fauna  here  described  therefore  is  strictly 
analogous  to  those  of  Europe  and  America,  and  is  not  even  sensibly 
distinguished  from  them  by  such  minor  characters  as  size  or  other 
individual  peculiarities  of  local  value.  Moreover,  the  beds  which 
contain  the  Upper  Llandovery  fossils  are  chiefly  argillaceous,  whilst 
the  overlying  Ludlovian  forms  occur  in  hard  reddish  quartzites  and 
in  white  or  greyish  limestone. 

The  Devonian  species  described  are  eighty-one  in  number,  of 
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,    .  .      -r  fvo  iro  oonsiilere*!  as  Upper  Devonian.     These  are: 

<.-  ..-    sj -,  :  - -?'n7«iiW('*,  Mnrch. ;   Chomies  coronaia,  Coiir. ;  Uh^n- 

-.  f.'ii.  Pliill. ;  Spirifer  disjunctus,  Sow.;  and  Aricvlo- 

:  ;  1.  lie  Kon. 

-    '^i  -  ^ve  tin<l  tliat,  with  ft)ur  exceptions  only,  every  one  of 

>i.  \;*.v  S^iuU  Wales  Dt'vonian  f«j8sils  belong:  or  are  elosclv  alii*?"! 

-     V  -  ■ .  v.i  or  Anieiioan  .species  of  the  same  age.     T\\q  exceptions 

.  -     \  ^. T.Vvl   hy  Prof,  (le   Koninck    uniler  tlie    foUowin*;;  names: 

.     f  T  •"_..  '.r'.Mj*  r^ '  Clarlei.  Jiilluiijtu'a  aheohrin  (this  genus  is  trariM- 

s".   ...twoen  Auloi)ora  timl  Syriinjoiyora),  Ntso  (?)   Dartcimi  itliis 

;  :;:>»:  reoonl  of  w  r<presenrativo  of  tliis  j^enus  from  rocks  oMer 

'.••    IVrtiarv).    MitcheUia   striatnla    (a   Buc<nnid    sliell   somewhat 

t    .-.:  iv^  Columhella  and  n'prcsoutcHl  by  one  specimen  only). 

V  .e  i'arhoniferous  species  are  not  incUided  in  the  present  memoir, 
V  :.  liio  writer  states  that  tlieir  enumeration  >\-ill  carry  out  the  law 
w  ..vh  he  has  shown  hohls  with  re<!;ard  to  Devonian  and  Sihirian 
•  ■.'.US.  The  S«>uth  Wah's  Carboniferous  Fauna  will  not  be  found  to 
s-  tVor  in  any  marked  de^ee  from  those  of  America  and  Eurupe. 
l\iis  is  but  a  confirmation  of  wliat  we  had  been  led  to  expect  fn>m 
t:u»  wi>rk  of  identification  Ix-gun  l>y  Mr.  W.  B.  Clarke  himself.  Prof. 
Mc(\\v,  Messrs.  Selwyu,  Salt^M*,  anil  K.  Etheridgc;  but  it  is  impossible 
to  ovtrrato  the  interest  of  the  subject  both  to  geologists  and  t^) 
biologists.  G.  A.  L. 


III. — The  Geology  of  the  Eastern  End  of  Essex.  By  Willias 
^V^^^AKKR,  IJ.A.,  F.G.S.  [Explanation  of  Quarter  Slieet  4S  S.E. 
(with  the  adjoining  part  of  4S  N.E.)  of  tlie  Geological  ^survey 
Map  of  England  and  Wales.]  8vo.  pp.  '62.  (London,  ISTO. 
I'rieo  M.) 

rflllE  area  descrilK'd  in  this  concise  little  memoir,  embracin;]^  al^oiit 
L      oO  srpiare  miles,  inchnles  the  country  around  Walton  Naze  and 
Harwich,  and  f«»rms  pint  of  the  London  liasin. 

It  b(»asts  no  very  strikini^  or  pictures(pie  scenerj-,  beinp  as  Mr. 
Whitakcr  describes  it,  ** essentially  a  clay-country,  with  gentle  slopes, 
nowhere  probably  reaching  to  a  greater  height  than  150  foot  aKwo 
the  sea,  the  higher  ground  being  for  the  most  part  flat,  from  the 
ca])piiigs  of  gravel,  the  remains  of  a  once  continuous  plateau.  The 
slopes  mostly  sink  into  alluvial  flats,  whi(^li  art  to  a  great  extent 
below  the  level  of  high  water,  and  are  protected  only  by  ailiflcial 
embankments.**  The  geology,  however,  furnishes  many  points  of 
considerable  interest,  such  as  the  Cement-stimc  beds  of  Harwieh  and 
the  Ked  (^rag  of  Walton  Xaze,  while  the  evidence  furnished  l.)y  the 
deep  well  at  the  former  locality  has  more  than  a  Lx%al  importance, 
proving,  as  it  tlid.  the  occurrence  of  Palaeozoic  rocks  at  a  depth  of 
lt)-U  fe«'t  beneath  the  surface. 

The  fiu'mations  (lescribed  hiclude:  (1)  the  London  Clay  ;  (2)  the 
Hed  (^'ag  of  Walt(m  Xa/.e  and  Beaumont,  with  the  description  of 
homc'  small  outliers  iirst  noticed  during  the  mapping  of  the  country, 
iwid  (I  notice  of  the  Ked  Crag  of  Harwich  described  by  Dale  in  1732, 
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sod  which  is  now  entirely  destroyed  hy  the  encroachment  of  the 
aea;  (4)  drifts,  including  gravel,  sand,  and  loam,  some  prohably  of 
Glacial  age,  while  other  deposits  are  classed  as  Post-Glacial,  together 
with  recent  deposits  of  alluvium,  blown  sand,  and  shingle. 
The  appendix  contains  records  of  all  the  well-sections  ;  and  lists 

of  fossils  from  the  London  Clay  of  Harwich ;  and  from  the  Red  Crag 

of  Walton  Naze  and  Beaumont ;  and  from  the  Pliocene  (probably 

Post-Glacial)  deposits  of  Walton  and  Harwich. 
References  are  given  to  the  works  of  the  chief  observers,  amongst 

whom  may  be  mentioned  Dale,  the  Rev.  W.  B.  Clarke,  Dr.  J. 

Mitchell,  Mr.  John  Brown,  Prof.  Prestwich,  and  Mr.  S.  V.  Wood,  juu. 

H.  B.  W. 

IV.— On  New  and  Little-kno\vn  Fossil  Fishes  from  the  Edin- 
burgh District,  No.  I.  By  R.  H.  Traquair,  M.D.,  F.Q.S. 
(Proceedings  Royal  Society  of  Edinburgh,  Session  1876-77.) 

IN  the  above  memoir  Prof.  Traquair  has  given  lengthy  and  minute 
descriptions  of  three  species  of  Fossil  Fishes  from  the  Blackband 
Ironstone  of  Venturefair  Colliery,  Gilmerton,  and  the  Carboniferous 
ibales  of  Wardie.     They  are  referred  to  two  genera,  Nematoptychius^ 
Traq.,  and  Gonatodus^  Traq.,  and  to  the  family  Palttoniscidm,     ITie 
first "  genus  was  instituted  by  the  author  for  the  reception  of  the 
hfgopieruB  Greenockii  of  Agassiz,  and  characterized  in  the  '  Annals 
and  Magazine  of  Natural  History,'  for  April,    1875."      He  here 
describes  another  species,   N,   gracilis,  Traq.,    founded   upon   two 
specimens,  the  only   ones   at  present  known,  and   which   are   re- 
spectively nine  inches,  and  about  ten  inches  in  length,  the  form  is 
elongate  and  slender,  the  dorsal  fin  being  situated  very  far  back, 
and  the  scales  small,  but  their  configuration  is  apparently  the  same 
IS  in  NematoptyclUus  Greenockiij**  the  external  ornamentation  being 
the  same  as  in  that  species.     **  The  extei'ual  surface  of  the  lower  jaw 
is  ornamented  with   a  minute  and   very  close  tuberculation ;  the 
dental  margin  of  the  maxilla  is  also  tuberculated,  but  the  rest  of  its 
surface  is  marked  with  delicate  ridges."     "  Large  conical  teeth  occur 
in  both  jaws,  with  a  few  of  the  external  series  of  smaller  ones." 
The  paired  fins  may  be  termed  small,  the  pectoral  and  ventral  in 
one  specimen  being  respectively  1  inch  and  f  of  an  inch  in  length ; 
the  rays  are  fine,  but  their  number  not  accurately  known.     He 
remarks  **  that  the  present  species  is  closely  allied  to  the  powerful 
Nematopttfchius  Greenockii,  Ag.  sp. — it  differs,  however,  from  the 
latter  in  several  particulars,  beside  its  smaller  size." 

Gonatodm  is  a  new  genus,  and  comprises  two  species;  it  is 
founded  in  part  for  the  reception  of  a  specimen — one  of  three — from 
the  Carboniferous  shales  of  Wardie,  and  described  and  figured  by 
Agassiz  as  Amhlypterus  punctntus.  These  three  imperfect  specimens, 
our  author  states,  having  personally  examined  and  compared  them 
"  with  a  series  of  entire  fishes  from  the  Wardie  beds,  establish  the 
fact,  that  the  Amhlypterus  punctatus  of  Agassiz  was  founded  upon 
fragments  of  two  distinct  species,  the  specimen  with  the  head,  but 
without  the  hinder  part  of  tiie  body,  being  even  generically  distinct 
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from  the  other  two."  And  that  "the  peouliar  form  and  arrangement 
of  the  teeth  in  the  first  of  these  render  necessary  the  institution  of 
a  new  genus,  to  which  I  have  given  the  name  of  Oonatodug"  He, 
however,  preserves  Agassiz's  name  of  punctcUus  for  the  species ;  bat 
redescribing  it  from  original  and  careful  observation  of  the  mon 
complete  material  at  his  command.  He  further  observes  that  "  the 
peculiar  dentition  of  Gonatodus  was,  however,  first  correctly  de- 
scribed by  Mr.  H.  Walker,  in  a  fish  from  the  oil  shales  of  Pitoorthie, 
Fifeshire,  to  which  he  gave  the  name  of  Amblypierus  aneoso- 
achmodusJ'*  And  that  "  Mr.  Walker's  fish  undoubtedly  belongs  to 
the  same  genos,  and  may  possibly  be  the  same  with  G,  pundatuB.** 

Genatodu*  macrolepis,  Traq.,  is  a  new  species,  ranging  in  length 
from  four  to  seven  inches,  and  occurs  in  the  Blackband  Ironstone. 
The  configuration  of  the  bones  of  the  head,  as  far  as  they  can  be 
defined  (for  in  the  sp^imens  examined  they  are  all  more  or  lees 
crushed  and  broken),  and  their  sculpturing,  and  also  the  configuration 
of  the  teeth  are  essentially  the  same  as  in  the  preceding  species ;  but 
the  scales  on  the  anterior  portion  of  the  body  are  considerably 
larger  than  in  G.  pimctatusj  and  as  in  that  species  the  surfaces  are 
brilliantly  polished,  and  devoid  of  ornamentation,  and  their  posterior 
margins  are  finely  denticulated. 

Ample  and  clear  as  are  the  descriptions,  we  cannot  conclude  with- 
out expressing  regret  that  they  have  not  been  supplemented  by  good 
figures  of  the  specimens  upon  which  the  species  have  been  founded. 

W.  D. 


V. — MfMOIRB    SUR    LK8    CaRACTKRES    MiNEBALOOIQUES    IT    StRATT- 
GRArilFQUES  DES  KOCIIES  DITES  PlUTONIENNES   DE  LA  BeLGIQUK 

ET  DE  l'Ardenne  Fran^aise.     Hy  Professors  C.  de  la  VALLfec 
Poussix  and  A.  Rknard.    4to.  pp.  264,  and  7  plates.     (Brussels, 

187G.) 

DE  SAUSSURE  declared  that  mountains  were  not  to  be  studied 
with  the  microscope.  What  would  that  venerable  father  of 
geology  think  could  he  see  the  "slicing"  of  rocks  which  is  now 
going  on  all  over  Europe  I  It  was  the  custom,  not  so  very  long  ago, 
for  geologists  to  bo  content,  for  descriptive  purposes,  with  a  small 
stock  of  words  wide  and  rather  vague  in  meaning — of  which  "trap" 
is  a  worthy  example — words  which  bound  one  to  very  little  or 
nothing.  A  hand-lens  to  be  used  in  the  field  was  the  only  auxiliary 
thought  of  in  determining  the  lithological  characters  of  rocks.  Now 
all  is  changed,  the  geologist  trembles  as  he  hazards  a  name  for  the 
specimen  ho  collects,  for  he  knows  not  how  wrong  he  may  be  proved 
to  be  by  that  newly-arisen  votary  of  science — the  Micro-petro legist. 
The  rock-nomenclature  of  his  youth  is  gone,  he  knows  nothing  of^ 
and  finds  it  Imrd  indeed  to  leani  the  meaning  of  "  fluidal  structure," 
"devitrificati<m,"  "  globulites,"  "  belonites,"  or  **  margarites,"  and 
the  result  is  that  he,  as  a  rule,  gives  up  the  attempt,  and  relies,  for 
the  determination  of  his  rock- sj)eci mens,  on  the  knowledge  of  those 
who  have  made  micro-lithology  their  special  study.  In  England  the 
number  of  these  specialists  is  small  but  increasing,  headed  as  they 


JRetietcs — Paussin  8f  Henard — Belgium  8f  the  Ardennes,      175 

are  by  one  of  the  founders  of  the  new  science — H.  Clifton  Sorbj, 
F.ILSw     Only  the  other  day  a  G^logical  Survey  Memoir  was  issued, 
a  chief   feature  of   which  is  the  delineation   of  the   microscopic 
structure  of  some  of  the  rooks  of  the  Lake  District,  leading  to 
important  conclusions.     In  this  case  the  field  geologist  and  the 
microscopist  were  one  and  the  same  person,  hut  this  is  the  ex- 
ception.    It  is  in  Germany  that  this  line  of  inquiry  has  attracted 
the  greatest  attention.    There  the  influence  of  such  men  as  G.  Rose, 
Tachermak,  Zirkel,  Eenngott,  Vogelsang,  Mohl,  Boricky,  von  Lasaulz, 
and  a  host  of  others  has  been  such  that  not  only  have  manuals 
of  micro-petrography  been  published  and   sold,  but  that  special 
Chairs  for  the  teaching  of  the  subject  have  been  established  in  most 
of  the  Universities.     In  France  the  impulse  has  been  felt,  although 
not  so  strongly,  and  is  rapidly  spreading  under  the  influence  of 
Delesse,  Des  Gloizeaux,  and  Michel -Levy.     Now  we  have  to  record 
a  brilliant  beginning  on  the  part  of  Belgium  in  the  handsome  memoir 
the  title  of  which  heads  this  notice. 

The  authors,  both  Professors,  one  at  the  Catholic  University  of 
Loavain,  and  the  other  in  the  Jesuits'  College  in  the  same  town, 
thoroughly  deserve  the  gold  medal  with  which  their  work  has  been 
rewarded  by  the  Academy  of  Belgium,  and  the  extremely  beautiful 
ooloared  plates  with  which  it  has  been  liberally  furnished  by  that 
body. 

The  subject  worked  out  by  them  was  not  absolutely  untouched. 
Andre  Dumont  had  long  ago  described  the  physical  relations  of  the 
80-called  "Plutonic"  rocks  of  the  Ardennes  and  the  Rhine,  and 
d*Omalius  d'llalloy  has  left  valuable  notes  on  some  of  them.  Quito 
recently  also  Prof.  Malaise  published  a  paper  "  On  some  of  the 
Porphyritic  Bocks  of  Belgium,"  which  cleared  up  many  errors,  and 
brought  to  light  a  number  of  new  facts;*  but,  armed  with  the  micro- 
ioope  and  their  German  method,  the  Louvain  Professors  have  by  their 
prize-memoir  marked  an  era  in  the  progress  of  Belgian  geology. 

We  say  geology  advisedly,  for  although  their  procedure  is  litho- 
logical  and  mineralogical,  yet  their  most  interesting  results  are 
strictly  geological.  Thus  they  show  that  the  amphibolitic  and 
porphyroidal  rocks  of  French  Ardenne  are  regularly  interbedded 
irith  the  Cambrian  slates  and  quartzites  amongst  which  they  lie,  and 
that  they  are  not  intrusive,  as  they  were  long  considered  to  be,  but 
are  of  truly  sedimentary  origin.  They  hazard  the  opinion  that  the 
crystallization  of  these  rocks  took  place  at  the  bottom  of  the  sea, 
Tory  soon  after  their  deposition,  and  when  the  materials  were  still 
in  a  plastic  state.  In  the  same  manner,  the  schistoid  eurite  of 
£nghiem,  the  quartzose  eurite  of  Nivelles  with  ripple-marks,  the 
porphyroidal  rocks  of  Monstrenx,  Fauquez,  Rebecq-Rognon,  Pitet, 
and  Steenkuyp,  all  of  which  were  looked  upon  as  igneous,  are  proved 
to  he  derivative  deposits.  The  Lower  Silurian  arkoses  of  Brabant 
are  shown  to  be,  not  strongly  metamoq)hic,  but  formed  of  trans- 
ported cr3'stallized  materials  only.     The  so-called  **  Hyperstlieuite  " 

1  See  Bulletins  Acad,  royale  de  Belgique,  2*"»«  s^r.  t.  xxxriiL 
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of  IIii/..'ini">iil  aii'l  'ii -iriil-PrS  is  ilemonatmtocl  lo  1w  a,  gnWwo,  lint  it» 
i-eliiiiiin  |.'  ill.'  ■iIh-i  rooka  U  not  known.  On  tlio  othor  hfuid,  tb«i 
(lUiirtziri.TiU-  |'H|.li\  i_v  of  Sp.-v  is  undoubtodly  iiitriisivo,  lui'l  bo  »« 
tbt)  nii;irt/.i-i>  lfii>ii'is  L.rQMeiiagt,  Koljocq-Itognon,  ami  tiweinoa. 

Ak  w>i  h\<.\-(i  \i\nU-\  nt.  bororo,  the  noineiiolatiire  of  cr^eultine  nxlu 
ia  bt'oiuhiiiij^  a  uii.ttcr  of  jacroaajiig  aniiely  to  tbe  gmlof^ist.  Tb» 
pi-t-eeiit  iHifliiira  iin'  fo  be  oonipHiiienti'd  on  tbe  BJiniiliciiy  of  th« 
Bysteiu  IliL'v  liavu  mlnptod.  One  example  will  auffioe:  undi'l  llie 
temi  "iliiiritu  (|ii:iitKeui6,"  they  dtmignute  a  rock  on  which  the 
following'  iirimcK  li:iv«.<  at  Toriouii  timet  been  bt-atowed.  vi;:. : 

I'l/ilil'ijrite,  Ziikil.  Porphgritie  diahatt,  NuuiuHuri.  QsorluM 
pori'/iffi-'/.  Di'lcssi!.     OUgotUM  pvrphi/ry.  Both.     Vhlvrophyrr,  l^uniuit. 

Synimyiiiy  if.  un  evil  wbicb  geoltiRy  will  aooaor  or  Uter  have  to 
dull  with,  l">i>i  ns  I'ogards  lithulogieiil  and  etiuti^^'rapbiual  uouieu- 
olutnriJ.uri'l  til'.'  SI  KURT  some  bmad  ru leu  are  acee|>ted  by  lite  mnjority 
tif  tli(.>  luaili'i's  iif  tliL-  saiCDoe,  the  better.  At  preHont.  lu  Hxtiniinb^ 
(TCI I l(ij;icnl  ]iii]i>,  ui-  iu  reading  geological  works,  half  uur  tune  is 
w.inti-d  ill  (iiiiliiiL;-  nut  (if  we  do  find  out)  what  is  meant  by  the 
terms  u^L'd.  j^uiilii^-ista  and  Botaniflts  are  fortnnata  in  having  some 
jj^iiLTLiUy-roeo^iiiKi'd  laws  of  priorily,  tampwed  to  mama  extent  by 
UtiiefS,  find  it  certuiiily  does  not  nppenr  why  Oeolopy  ubinild  con- 
tiuuL'  to  lack  May  rulierofn  unu-u  ur  k-s.-(  r.iiiii'l;ir  elj;ii-in.'te:-.— G.  A.  1., 

E.EiFOE.XS    AITID    I^S,OCB:EXDIlSrC3-S. 

liEni.oGii'Ai.  So.'iETY  OF  LuNimN-.-I,— Foliniarv  Tlh,  IS77.— 
rn.f.   r.   ftrivliri   Duikmh.   M.li,.   VM.'fi..  Prehidyiit.  in   ll.ti   ri'i.ir.— 
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and  0*77  per  cent,  of  silica.  The  altered  rocks  contain  an  abnnd- 
anoe  of  quartz  granules,  due  probably  to  the  crystallization  of  pro- 
gressively dissociated  silica,  as  the  specimens  of  rock  in  which  these 
granules  occur  do  not  contain  a  larger  proportion  of  silica  than  those 
in  which  its  presence  can  hardly  be  detected  under  the  microscope. 
The  proportion  of  alkalies  in  the  different  specimens  does  not 
materially  vary. 

Overlying  the  second  quarry  at  the  east  end  of  the  mountain  is  an 
ash  bed  of  reddish-brown  colour,  containing  more  than  10  per  cent, 
of  protoxide  of  manganese  and  nearly  20  per  cent  of  peroxide  of 
iron,  and  showing  a  great  diminution  in  the  per-centage  of  silica 
when  compared  with  the  associated  crystalline  rock. 

The  author  further  described  the  characters  of  the  uralite-por- 
phyry  of  the  Mawddach  valley  near  Dolgelly,  which  is  of  a  greyish- 
green  colour,  spotted  with  black,  and  consists  of  a  granular  base 
inclosing  patches  and  crystals  of  uralite,  the  outlines  of  which  are 
sometimes  shai*p  and  well  defined,  but  generally  rounded  and  merging 
into  the  general  base. 

2.  **  On  new  species  of  Belemnites  and  Salenxa  from  the  Middle 
Tertiaries  of  South  Australia."  By  Ealph  Tate,  Esq.,  F.G.S.,  Pro- 
fessor of  Natural  Science  in  the  University  of  Adelaide. 

The  author  noticed  the  occurrence  in  deposits  of  supposed  Miocene 
age  in  South  Australia  of  a  species  of  Belemnite  {Belemnites  aenescens) 
and  a  Salenia  {S.  teriiaria).  These  fossils  were  obtained  from 
Aldenga,  twenty-six  miles  south  of  Adelaide,  on  the  east  coast  of  St. 
Vincent's  Gulf,  where  the  long  series  of  sea-cliflfs  contains  an  assem- 
blage of  fossils  identical  with  that  of  the  Murray  Biver  beds.  The 
Salenia  is  especially  interesting  on  account  of  the  discovery  of  a 
living  species  of  the  genus  by  the  naturalists  of  the  *  Challenger.' 

3.  **  On  MauisauruB  Gardneri,  Seeley,  an  Elasmosaurian  from  the 
base  of  the  Gault  at  Folkestone."  By  Harry  Govier  Seeley,  Esq., 
F.L.S.,  F.G.S.,  Professor  of  Geography  at  King's  College,  London. 

The  author  described  the  skeleton  of  a  great  long-necked  Saurian 
obtdned  by  Mr.  J.  S.  Gardner  from  the  Gault  of  the  cliflf  at  Folke- 
stone. The  remains  obtained  included  a  tooth,  a  long  series  of 
▼ertebrsB,  some  ribs,  bones  of  the  pectoral  arch,  the  femur,  and  some 
phalanges,  indicating  a  very  large  species,  which  the  author  referred, 
with  some  doubt,  to  the  genus  Mautsaurus  of  Dr.  Hector,  founded 
upon  a  Saurian  from  the  Cretace.»u8  formation  of  New  Zealand.  He 
gave  it  the  name  of  Mamsaurus  Gardneri,  in  honour  of  its  discoverer. 
A  small  heap  of  pebbles  was  found  in  the  neighbourhood  of  the  ribs, 
and  it  was  supposed  that  these  had  been  contained  in  the  stomach  of 
the  animal.^ 

*  Mr.  J.  W.  Hulke,  with  reeard  to  the  pebbles*  suggested  that  the  animal  may  not 
We  swallowed  them  as  an  aid  to  the  comminution  of  food  in  its  stomach,  but  that 
they  were  intro<luced  in  the  stomachs  of  tish  which  it  had  swallowed.  The  flesh  and, 
niuequentlv,  the  bones  of  these  would  be  digested  and  absorbed,  whilst  the  indiges- 
tible stoneSf  if  the  stomach  of  the  Pleiiiosauruit  was  like  that  of  Crocodiles,  would  be 
uuble  to  pass  through  the  small  pyloric  opening  into  the  intestine,  and  must  perma- 
neotly  remain  in  the  stomach. 

DICADE  II. — VOL.  rV.—KO.  IT.  VI 
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The  SeeitlaiiM  nid  fl»  Bipocti  of  ih«  OonoQ  nd  cf  As  lOmy  nd 


Committee  fbr  fhe  jeer  1876.    The  poeitfoa  ni  the  fleeiety  wm 

eeedinglj  letiilheteiy,  end  tiie  IneoiM  el  the  jeer  wm  elitfied  te  1 

nat&SA  the  eipMitm.    The  nimbrr  ef  FeUewe  liirtad  ««  Mb  ^  te  A* 

eTonge.    TheBefort  fhrther  mentioBed  the  hecpNet  tothe  Boeietv  hjtte  HteDi^ 

H.  C.  Berlow  of  lie  earn  of  £600  CoMole,  the  praeeedi  of  wUeh,  nte  Oe  titti  el 


the  "Berlow-JeaeiQB  Fund,"  en  direefeed  hj  the  Imtetei  to  he    __ 

or  three  yeenhj&eCoiiiieil  is  each  meaner  aemejeeMi  to  tten  MifcooidDbheti 


the  edTaneementof  the  eeienee  of  GeologT.  It  wee  eke  owMMed  thrt  Dr.  BM«^ 
FJL&y  F.O.8.,  hed  headed  to  the  ConeSu  In  offd«  theft  h  sight  he  cvaided  dfc  M 
preieiit  meetiiif^  e  eopy  of  tiie  model  whieh  he  leet  jeer  pwpeeed  to  taad,  end  daft 
he  farther  prcfoeed  to  head  Ofer  to  fte  Soeiety  the  earn  of  iaOO  to  he  faweled,  thi 
helenee  of  the  nrooeede,  after  pejiag  the  ooet  of  etrikmg  a  medUv  to  he  iam 
hJeanielly  wMi  the  medd,  ee  en  ^^8  laeeative  to  fedarieel  weiareh. 

la  pcoMDtbg  the  WoUMton  Gold  Model  to  ]Ir.-|tobertl^^ 
the  Pieeidtfit  addreeeed  him  ee  IbUowe : — 

Mr.  MeUet,— The  CkraneQ  of  the  SoeietT  hee  awarded  joa  ifti  privipel  MeU, 
which,  originating  wi&  the  ilhrntrioae  woQaetoa,  has  jear  hy  Toer  neeiTed  ea 
inoreeeiag  Ytlne  oj  iti  reoeption  bj  the  moot  dJetmgniAed  gaologieti  ia  tlm  wmU. 
This  new  fimooe  fiiiio  ie  preeonted  to  joa  in  nei^tiea  of  Am  laedli  of  at  Imit 
fertr  jeere  of  eedolone  lebonr  in  eoaie  of  fte  moot  importeat  aad  diflkabnnibleme  ia 
GeolagT.  EerlT  in  jonr  ceieer  jon  eommeneed  thoee  etadiee  rdatiaf  to  XM^qaehei 
end  volcenoe,  which  hare  ooeaped  joor  time  end  tuted  joor  eneiiiee  dofwn  to  fte 
preeeatdate.  From  the  fint  joa  took  the  ootreet  legieel  method  ef  iaieeHgeliea  of 
pheaomeaa,  which  were  herdlj  dioooaaected  firom  the  eapefaatafal ;  jott  eeWaeted  the 
mete  and  indiceted  the  manner  in  which  jon  wonld  em|^  tMB  hj  joar  eem- 
mnnications  **  On  the  Belation  of  Moleealar  Foroee  to  Qeelogj,''  and  *■  Oa  the 
Dynamics  of  Earthquakes,  or  an  ettempt  to  redoee  their  ohemfcd  pheooawna  ts 
the  known  laws  of  WsTe-motion  in  Solids  and  Flaids."  lioreover  joar  nports 
**  On  the  Experimental  Determination  of  the  limits  of  the  treasit-mte  of  the  pfope* 
gatioQ  of  waves  or  pulses  analo^ns  to  those  of  Earthquakes  through  solid  meteruu%*' 
and  on  the  results  of  ^rour  experiments  on  a  cognate  suojject  on  the  kk^  of  Holrhead, 
tended  to  prepare  science  for  your  theories  of  the  Earthqaake-waTOy  and  rar  the 
establishment  of  that  branch  of  knowledge  whidi  owes  so  mash  to  joa,  nemriy 
Seismology.  Tour  numerous  reports  to  the  British  Association  for  the  AdraaesBMrt 
of  Science  upon  Earthquakes,  and  your  magniftcent  eontribation  to  Soienoe  ud 
Literature  upon  the  Neapolitan  Earthquake,  added  immensely  to  the  knowledge  of 
the  subject ;  and  your  aescriptions  of^  the  nature  of  the  eerth-moToment,  w  the 
comparatively  slight  depth  of  uie  focus  of  motion,  and  of  the  nature  end  eifo^  ii  the 
great  marine  wave,  have  been  pregnant  with  results  in  geological  theorj.  Of  kte 
years  your  able  communication  to  the  Royal  Society  ^  On  Volcanic  Energj  **  has  hem 
very  prominently  before  the  physicists  and  geologists  of  the  Old  and  the  New  Worid. 
Full  of  admirably  elaborated  facts,  it  propounds  a  theoxy  whose  troth  may  be  laMy 
estimated  by  the  constant  attention  it  has  received.  One  of  your  eeilieet  eonmaai- 
cations  was'**  On  the  Trap-rocks  of  Galway,"  and  yoar  latest  nave  been  on  ^e  same 
subject.  In  your  last  essay  you  have  endeavourea  to  solve  the  difllcnU  qneetioa  cf 
the  peculiar  8hape  of  basaltic  prisms.  In  all  these  researches  your  emplojmeat 
of  the  exact  sciences  has  been  or  necessity ;  and  it  ii  evident  that  the  jnooednre  has 
not  only  been  most  satisfactory  in  your  argument,  but  that  it  hee  effoided  a  good 
example  to  those  who  cannot  pretend  to  be  geologLsts  without  an  aoqaaintanee  wiA 
your  works.  You  have  followed  out  the  line  of  research  with  which  yon  eommeneed, 
and  have  done  great  service  to  g^logy,  and  also  in  directing  the  thoaghts  of 
scientific  men  towards  the  cosmioal  relations  of  the  grandest  phenoneaa  of  the  globe, 
and  the  posKibility  of  their  explanation  by  thermo-dynamics.  As  a  stndeat  of  joar 
works,  and  as  a  teacher  of  your  views,  I  am  proua  of  having  this  opportanitj  of 
conferrinij^  upon  you  this  well-merited  reward. 

Mr.  Mallet,  in  reply,  said:— Mr.  President, — I  am  deqily  sensible  of  the  gieat 
honour  which  has  been  conferred  upon  me  by  the  award  of  this  WoUaston  Meda(  tiie 
highest  honour  which  it  is  in  the  power  of  the  Society  to  bestow.    I  i^pneiate  tiiis 
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bononr  as  of  the  greater  signifieanoe,  since  of  all  our  scientific  societies  the  Geological 
Society  of  London  most  be  deemed  that  which  in  all  res|)ect«  is  the  must  competent 
to  furm  a  judgment  of  those  labours  it  has  specifically  named  as  justifying  its  decision 
in  my  own  case.  It  is  a  somewhat  trying  ordeal,  even  to  one  of  scientific  achievement 
fu*  l)eyond  anything  to  which  I  can  pretend,  to  bear  his  own  work  (as  is  usual  on 
occasions  such  as  the  present)  trumpeted  forth  from  the  Presidential  chair  before  snch 
in  ai^emblage  of  eminent  men,  best  cupable  of  weighing  their  merits  or  demerits,  as 
that  I  now  see  around  me.  I  fear,  Sir,  that  a  good  deal  of  the  sunny  colouring 
spread  by  you  over  whatever  I  may  have  been  able  to  add  to  our  knowledge  of  certain 
branches  of  Physical  Geology,  must  become  toned  down  to  more  sober  tintt,  when,  in 
future  yearS)  what  I  have  b^n  able  to  do  shall  be  examined  by  the  steady  light  of  the 
(tody  of  the  students  and  philosophers  of  a  future  a^.  It  is  given  to  no  man  so  to 
interpret  nature  that  his  enunciation  of  her  secrets  shall  remain  for  ever  unmodified 
by  the  labours  of  his  successors.  Nor  am  I  vain  enough  to  imagine  that  the  two 
subjects  for  which  you  have  principally  awarded  me  this  medal  can  be  exempt  from 
that  which  is  the  common  lot  of  all  aavauces  in  science.  What  I  have  enunciated 
with  respect  to  the  laws  of  earthquake  movements  will  fundamentally,  I  believe, 
admit  of  little  of  very  radical  change  by  the  future  advances  of  Physical  Geology  ;  for 
the  laws  I  have  assigned  to  seismic  phenomena  come  so  dose  to,  and  are  sach  direct 
consequences  of  well -understood  physical  laws,  as  to  be,  like  those  laws,  immutable ;  but 
in  details  future  discovery  cannot  fail  to  alter  something,  and  vastly  to  add  to  that  I 
have  been  privileged  to  announce.  For  example,  it  was  my  own  jrood  fortune  to 
ascertain,  observationally  and  experimentally,,  the  depth  below  the  earth's  surface 
whence  the  impulse  came  of  the  first  earth  ({uake  ever  submitted  to  measarement. 
That  in  the  case  of  the  ereat  Neapolitan  shock  of  1857  proved  to  be  only  about  eight 
or  nine  geographical  miles ;  but  it  is  highly  probable  that  the  depth  of  the  centre  of 
impulse  of  many  great  earthquakes  may  greatly  exceed  this,  and  may  be  found  to  bear 
some  relation  to  the  height  of  the  greatest  mountain -ranges  adjacent.  Thus  my  old 
liiend.  Dr.  CMdham,  after  his  examination  of  the  region  of  the  great  Cachar  earthquake 
a  few  years  since  in  North-eastern  India,  found  that  its  centre  of  impulse  may  have 
been  thirty  miles  in  depth  from  the  surface.  The  views  which  I  have  enunciated  as 
to  the  nature  and  origin  of  volcanic  heat  and  energy,  though  I  believe  thoy  will  be 
ultimately  found  to  be  in  the  main  a  true  interpretation  of  nature,  must,  I  expect, 
be  subject  to  large  modification  and  addition  in  the  future  advances  of  knowKdge. 
Our  physical  data  in  their  numerical  relations  arc  still  too  defective  to  enable  iH  to  do 
much  more  at  present  than  to  sketch  the  general  scheme  of  the  laws  of  volcanic 
action,  which  must,  by  the  way  in  which  they  fit  into  or  explain  many  natural 
phenomena  in  widely  diverse  regions  of  nature,  seem  to  afford  credentials  of  their  own 
reality  in  nature. 

In  making  these  remarks,  I  have,  perhaps,  already  exceeded  the  limit  that  properly 
belongs  to  an  occasion  like  the  present ;  and,  in  conclusion,  let  me  once  muie  repoat 
my  thanks  for  the  kindness,  sympathy,  and  appreciation  with  which  you  have  to-day 
marked  your  approval  of  what  little  \  may  have  been  able  to  do  for  tne  advancement 
of  our  common  object. 

The  President  then  presented  the  balance  of  the  proceeds  of  the  WoUaston  Donation 
Fund  to  Mr.  Robert  Etheridge,  jun.,  F.G.S.,  and  addressed  him  as  follows  : — 

Mr.  Robert  Eiheridge, — I  have  great  pleasure  in  hundinej  to  you  the  balance  of  the 
proceeds  of  the  Wolla.tton  Donation  Fund,  which  the  Society  has  awarded  to  you  as 
a  testimony  of  their  appreciation  of  your  industry  and  accuracy  as  a  Paheontologist. 
You  have  laboured  with  great  success  amongst  the  fossiliferous  rocks  of  Australia,  and 
now  you  are  advancing  palsucmtological  science  by  describing  the  rarer  fossils  of  the 
invertebrate  serits  from  the  Scottish  Carboniferous  formation.  In  offerin:^  you  this 
distinction,  I  venture  to  hope  that  its  reception  will  stimulate  you  to  further  inquiries 
into  the  Palaeozoic  faunas. 

Mr.  Eiheridjje  replied  :— Mr.  President, — The  recognition  by  the  Council  of  the 
Geological  Society  of  my  labours,  by  the  award  of  the  WoUaston  Fund,  is  both 
gratifying  and  complimentary  to  me.  I  have  been  and  am  still  making  great 
endeavours  to  eluciuatc  some  branches  of  our  common  science.  For  your  award 
I  beg  to  tender  my  sincere  thanks.  It  will  stimulate  me  to  further  exertions. 
The  systematic  studv  of  the  British  Carboniferous  Mollusca,  to  which  I  have  more 
particularly  confined  my  attention,  has  been  for  many  years  comparatively  neglected, 
notwithstanding  the  vast  amount  of  material  gathered  together  through  the  energy 
and  zeal  of  local  scientific  men,  nuiny  of  them  oistingaishcd  members  ot  ovxt  Sm^X^. 
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That  any  contributions  of  mine  towards  this  object  hare  met  with  the  appri^^bitinn 
of  th«  Society,  is  in  itself  a  great  reward ;  coupled,  however,  with  the  hunoar  yf»tt 
have  to-day  paid  me,  it  becomes  a  source  of  much  higher  gratification. 

The  President  next  hamliHl  the  Murchison  Medal  to  Mr.  Warington  W.  Smyth, f'«r 
transmission  to  the  Kev.  William  liranwhitc  Clarke,  M.A.,  F.R.S.,  F.G.S.,  and 
spoke  as  follows: — 

Mr.  Warington  Smvth,— Tlie  Council  of  the  Society  has  awarded  the  Murchiwn 
Medal  and  a  portion  oP  the  Murchison  Fund  to  the  Uev.  William  Bran«hit«  Claikt*. 
F.K.S.,  of  Sydney,  Australia,  in  recogniti«»n  of  his  remarkable  Mrvices  in  tht 
investigation  of  the  older  rocks  of  Xew  South  Wales,  services  which  have  led  to  a 
correoi  knowK>dge  of  the  succ€\ssion  of  the  formations  in  that  groat  country,  and  which 
have  been  of  great  vulue  to  the  community. 

]klr.  Clarke's  labours  date  back  nearly  half  a  century,  and  he  had  contributod 
several  interesting  essavs  on  points  of  British  Geology  before  lie  commenced  bii 
arduous  work  amongst  tiic  Coid-bearing  strata  of  liis  adopted  couniry.  Influenced  by 
the  Idve  of  scientific  investigation,  and  aided  by  a  sc>lf-reliaut  and  indtpendtnt 
character,  he  surveyed  those  great  depths  of  rock  which  brought  the  local  namec  of 
*  Ilawksbury,  AVianamatta,  and  Newcastle  before  the  geological  world  as  land-mark* 
in  an  apparently  anomalous  series  of  strata.  11  is  survey,  the  result- of  years  of  patient 
labour,  was  m)  exact,  that,  in  spite  of  former  unsparing  criticism,  it  is  noVr  universally 
rccoi^Miized  as  correct;  and  his  di^ductions  as  to  the  relative  value' of  marine  and 
plant-lK-aring  stnita  in  estimating  the  ages  of  formations,  though  disbelicveii  in  fonncr 
years.  lia\e  been  proved  to.  be  consistent  with  facts  since  obser>'ed  in  Africa,  luiILi, 
and  North  America. 

Mr.  Clarke  discovered  that  there  were  strata  of  marine  limestones  containing  Carboni- 
ferous •S/>i>i7iM' and  JP»Wf/r/i,  and  with  wliioh  were  intercalated  beds  of  coal  which 
presented  a  mixture  of  forms  of  plants.  lie  noticed  that  there  ^as  no  break  in  this 
great  sei'i(-s  of  depohits,  and  that  iSiyillaritr^  Calamites  and  Conifera;,  were  a«>so€iated 
with  Otwmopteris  and  other  genera  of  Filices,  which,  hud  they  been  found. in  the 
typical  area  of  England,  would  have  denoted  a  Mesozoic  horizon.  Subsequent  research 
by  other  obs(;rvors  in  (iueon.'«land  has.pro(h»ced  corresponding  results;  and  science 
then  lort'  owes  much  to  Mr.  Clarke  for  llie  eon-iifttent  and  persistent  manner  in  which 
he  \\\\<  njihehl  his  opinions  regarding  the  agivof  these  Australian  Carl)oniferou.<  serii*. 
LalMtiirin}^^  anionpt  the  strata  below  the  Carboniferous,  Mr.  Clarke  disci>ven\l  the 
pre«jenee  of  Silurian  rocks  by  the  existt-nce  in  them  of  characteristic  Trilobites  and 
(\.>r;il>,  and  noticed  the  unccmformability  of  Uie  Carlxmiferous  to  the  underhing 
group ;  and  (;ven  in  tho.'>e  early  days  of  his  work  he  grasjied  the  important  idea  that 
the  }itolo:^y  of  the  typical  area  of  Europe  was  not  exactly  comparable  with  that  of 
AuNtiulia. 

From  his  knowledge  of  the  country  and  of  the  physical  development  of  the 
Au^inilian  Cordillera,  Mr.  Clarke  was  able  to  enlarge  ujwn  the  relations  of  the 
H'lliiiM  ntary  aiid  intrusive  rocks,  and  this  1(;(1  to*hi>  discovery  of  the  auriferous 
<]uar:/it(.6  and  detrital  aeeumulatiiMi.'i  of  tin;  mountains  within  sixty  or  eighty  njile>cl' 
Sydney.  Sul)>e<juently  the  pos>ibility  of  the  great  north  and  south  range  of  New 
Situth  Wales  b'  nig  highly  auriferous,  was  impressed  upon  him  by  his  comparing  the»e 
mountains  with  the  details  of  the  Oural,  the  rtsult  of  the  labours  of  the  great  geologist, 
dunt'i  (»t  tills  M(dal,  and  Keyseiling  and  De  ViTneuil. 

Mr.  Clarke's  last  work  on  the  Sedimentary  Formation  of  New  South  Wales 
api)i;iied  in  IbTo,  and  in  it  th(;  veteran  geidoj^ist  had  tin?  satisfaction  of  repeating 
thi*!**'  aekuowled^ad  truths  whieh  he  had  elaborated  thirty  years  since. 

In  askini:  you  to  forward  this  Medal  to  the  Kev.  AVilli'am  W.  Clarke,  I  know  that  I 
am  reiiniiini;  a  ])leasant  task  at  your  hands,  espeeially  when  I  de^ire  you  to  express  to 
him  the  appreeiation  in  whieh  his  labours  are  hi-Kl  by  this  Society. 

Mr.  W.irington  AV.  Smyth  replied  :  — Mr.  Pnsident, — It  is  with  much  satisfaction 
that  I  ne<  ivt;  this  Medal,  to  he  foi  warded  to  the  llev.  ]\Ir.  Clarke,  one  among  the 
oldt  st  Frll.iws  of  the  Soeiety,  whi>  joined  its  ranks  upwanls  of  fifty  years  ago,  and  has 
sinee  that  time  t«)  the  present  eontinued  his  labours  in  the  field  of  science.  Although 
not  iKTsonally  aerpiaint^^d  with  Mr.  (Marke,  I  have  had  the  (»pportunity,  from  hiis 
beinu:  a  constant  and  valu«'d  correspemdent  of  our  late  friend  Sir  llttderick  Murcliis<uj, 
to  ln.ar  mueli  of  the  laborious  researches  Ciirried  on  by  our  Medallist  in  New  South 
AVales,  I  I'eel  assured  that  the  award  of  this  hiuiour  will  be  duly  appreciated  in  the 
colony,  the  Cieology  of  which  has  been  so  much  advanced  by  Mr.  Clarke,  and  trust 
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tk(  it  will  be  a  source  of  pride  and  pleasure  to  the  Teteran  explorer  in  his 
deelining  years. 

In  presenting  the  balance  of  the  proceeds  of  the  Morchison  Oeological  Fund  to  the 
Ber.  J.  F.  Blake,  M.A.,  F.G.S.,  the  President  said;— 

Mr.  Blake, — In  presenting  you  with  the  balance  of  the  Murchison  Gveologfical  Fund 
in  the  name  of  the  Council  of  this  Society,  I  have  to  express  to  you  our  appreciation 
of  the  excellence  of  the  Geological  and  PaliDontolog^Ciil  services  which  you  have 
rendered  to  science  during  the  last  few  years.  The  Mcsozoic  formations  of  Englaud 
vhich  you  are  still  investigating,  require  all  the  energies  and  accomplishments  of  the 
palaontcdogist  for  their  elucidation,  besides  a  great  knowledge  of  practical  field- 
geology.  You  haye  undertaken  a  great  task  in  their  description,  and  I  trust  that 
this  aught  expression  of  the  approbation  and  sympathy  of  your  fellow-geologists  may 
urge  you  on  in  your  laborious  path. 

Mr.  Blake  replied  as  follows : — Mr.  President, — ^I  beg  to  thank  the  Council  very 
sincerely  for  the  oonour  thev  have  done  mo  in  making  this  award,  and  you.  Sir,  for  the 
kind  manner  in  which  you  have  presented  it  to  me.  I  do  not  know  that  there  is  any- 
thing that  I  care  for  moro  than  the  spread  and  advancement  of  our  knowledge  of 
Nature ;  and  there  is  no  honour  I  covet  more  eagerly  than  such  as  show,  as  I  take  it 
this  does,  that  I  have  to  some  extent  succeeded  in  doing  something  towards  this  end. 
I  think  I  may  conscientiously  say  that  what  geological  work  I  have  dune  hns  been 
the  beat  I  have  known  how  to  do,  or  have  had  the  opportunity  of  doing,  though  I  am 
eontinually  learning  how  very  much  better  that  best  might  httvc  been.  With  regard 
to  the  Mesozoic  rocks,  which  form  so  prominent  a  feature.in  English  Geology,  there  is 
very  much  yet  to  be  learnt ;  and  the  nard  and  fast  lines  of  the  earliest  observers  have 
jet  to  be  smoothed  down  juid  shaded  otf,  by  a  study  of  the  physical  conditions  of  tho 
deposits,  before  we  have  a  complete  and  artistic  picture  of  the  whole.  You  have 
assured  me.  Sir,  that  the  present  award  is  meant  not  only  as  an  honour  but  as  an 
encouragement  and  incentive  to  me  to  go  on  and  add,  if  possible,  something  more  to 
the  picture ;  and  I  hope  tho  future  may  prove  that  I  have  received  it  in  that  sense. 

The  President  next  banded  to  Professor  Kamsay,  F.U.S.,  the  Lyell  Medal  and  part 
of  tho  Lyell  Fund,  for  transmission  to  James* Hector,  M.D.,  F.R.3.,  Director  of  the 
Geological  Survey  of  New  Zealand,  and  addressed  him  as  follows  : — 

Prof.  Ramsay, — The  Lyell  Mediil  I  have  the  pleasure  of  asking  you  to  forward,  on 
the  part  of  the' Council  of  this  Society,  to  James  Hector,  M.D.,  F.R.S.,  Director 
of  the  Geological  Survey  of  New  Zealand.  It  is  given  to  him  in  recognition  of  his 
long  and  valued  services  in  Geology  and  Fahuontology  both  in  British  North  America 
and  in  New  Zealand.  Seventeen  years  ago  Dr.  Hector  communicated  a  valuable 
Keport  to  the  British  Association  for  the  Advancement  of  Science  on  the  Geolojfv  of 
the  Palliser  Expedition,  and  others  on  the  Physical  features  of  British  North  America, 
and  on  the  climate  of  the  Saskatschewan  district;  and  in  1861  this  Society  published 
his  able  paper  on  the  Geology  of  Lake  Superior.  Having  gained  great  experience  as 
an  accomplished  surveyor,  he'  commenced  nis  celebrated  survey  of  New  Zealand,  and 
the  results  of  it  have  been  to  place  the  geological  formation  of  those  remarkable 
islands  plainly  before  the  world.  His  Geology  of  Otago,  tho  Reports  of  tho  SurveVt 
and  his  Geolopical  Map  of  New  ZoaLind — works  of  great  importance — are  most 
valuable  contributions  to  our  science.  A  distinguished  naturalist,  Dr.  Hector  has 
contributed  largely  to  tho  Botany  of  New  Zealand  and  to  the  study  of  its  river-fish, 
which  have  remarkable  affinities ;  as  a  pal:uontolo<,Mst,  he  has  not  only  de^^cribed  the 
fossil  remains  of  the  gigantic  birds,  but  also  of  the  extinct  Reptilia  of  the  islands. 
Impressed  with  the  volcanic  phenomena  still  in  action,  he  has  studied  and  written 
upon  the  thermal  springs,  tho  extinct  volcanos,  and  the  earth(|uake  phenomena. 
lie  has  been  able  to  compare  the  grand  developments  of  the  formations  of  the  islands 
with  the  European  types  ;  and  his  labours  have  ever  been  influenced  by  that  method 
of  research  which  rendered  the  founder  of  this  Medal  so  illustrious. 

Prof.  Ramsay,  in  reply,  wiid: — Mr.  President, — I  have  very  great  pleasure  in 
receiving  this  Medal  for  Dr.  Hector,  not  only  on  account  of  his  great  distinction,  but 
aUo  because  we  have  both  been  so  much  engaged  in  questions  of  Physical  Geology. 
As  a  Ph\'sical  Geologist,  I  regard  him  as  standing  in  the  very  first  rank ;  and  his 
qualifications  have  been  shown,  not  only  in  North  America,  but  also  by  his  thorough 
organization  of  the  Geological  Survey  of  New  Zealand,  which,  under  his  chaigo,  has 
attained  a  position  second  to  none  in  the  world.  In  Dr.  Hector's  name  I  beg  to 
thank  the  Society  for  this  testimony  of  its  appreciation  of  his  labours. 
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In  handing  the  balance  of  the  proceeds  of  the  LtcU  Fund  to  the  Bev.  Thomu 
"Wiltshire,  M.A.,  F.L.S.,  F.G.S.,  for  transmission  to  Mr.  William  Pengelly,  F.R.S.» 
F.G.S.,  the  Proidcnt  »aid: — 

Mr.  Wiltshire,— The  Council  of  the  Society  have  awarded  to  Mr.  Penally  the 
balance  of  the  proceeds  of  the  Lyell  Fund,  I  may  say  unanimously,  as  an  endence  of 
their  thorough  appreciation  of  his  long  and  successful  labours  in  the  Geology  of 
Di'vonshire,  and  his  untirinir  devotion  to  the  great  task  of  extending  scientific  know- 
ledge relating  to  the  antiquity  of  man.  By  his  systematic  sur^'ey  and  labour  in 
Kent's  Ctivem,  especially,  he  has  not  only  excited  attention  on  this  important  subject, 
but  has  L'luboratcd  facts  which  will  last  as  long  as  science.  Thanks  to  hLi  ercat 
cnerg}-  and  perseverance,  he  has  kept  up  a  love  tor  geological  science  in  his  county ; 
and  this  has  been  mainly  due  to  the  results  of  his  work  among  the  rocks  of  Devon- 
shire. In  presenting  this  fund  to  you  for  transmission  to  Mr.  Pengelly,  I  feel  that 
the  good  opinion  which  his  fellow-geologists  have  of  him  and  his  work  cannot  be 
sutTiciently  expres8i>d  bv  me;  but  I  trust  that  this  recognition  of  his  services  to 
science  will  be  felt  by  him  as  a  slight  reward  for  many  years*  arduous  devotion  to 
Geokigv. 

Mr.  Wiltshire  replied : — Mr.  President,— It  is  a  subject  of  regret  to  Mr.  Pengelly 
that  he  is  prevented  by  public  engagements  from  receiving  to-day  in  person  the 
award  of  the  Lyell  Triist  Fnnd.  Mr.  Pengelly,  while  deputing  me' to  be  his  reprc- 
sentative,  has  begged  me  to  convey  to  the  Society  his  high  appreciation  of  the  honour 
conferred  upon  him.  The  award,  he  writes,  seems  to  bnng  him  once  more  into 
communion  with  the  spirit  of  his  old  friend  the  founder  of  the  trust,  and  will  be  an 
additional  motive  for  still  following  up  those  investigations  m  Kent's  Cavern  and  in 
the  county  of  Devoubhire  which  so  long  were  approved  of  by  the  late  Sir  Charles 
Lyell. 

The  President  then  handed  the  Bigsby  Medal  to  Mr.  Ilulke,  F.R.S.,  F.G.S.,  for 
transmission  to  Prof.  ().  C.  Marsh,  F.G.S.,  and  addressed  him  as  follows  : — 

Mr.  Ilulke, — 'Ihe  Council  of  this  Society  have  awarded  the  Bigsby  Medal  to 
Prof.  0.  r.  Marsh,  F.G.S.,  of  Yale  College,  Connecticut,  U.S.,  and  I  trust  that  in 
forwunlinj:  this  testimony  of  our  admiration  of  his  abilities  and  work,  you  will 
explain  to  him  tliat,  boing  a  Fellow  of  tlie  Society,  we  cannot  enrol  him  amongbt 
our  Foreign  Corn  spondrnts  and  Members,  but  that'we  can  offer  him  the  first  medal 
gi\on  by  <»ne  who  bus  laboured  long  and  successfully  in  the  lield  of  American  Geology. 

Tlio  Medal  is  given  in  recognition  of  the  great  servict's  which  Prof.  Marsh  has 
rendered  to  the  paheontology  of  the  Vertebrata.  He  has  distinguished  himseif  by 
studying  the  fossil  remains  of  nearly  every  great  group  of  the  Vertebrata  from  the 
Palaroy,<MC,  Cri'taceous,  und  ('ainozoic  strata  of  the  New  World.  The  field  of  his 
research  has  been  immense,  but  it  has  been  very  correct ;  and  his  descrijjtive  and 
cla>Nilicati»ry  j)ala'ont<)logical  work  indicatts  his  eifective  grasp  of  anatomical  details, 
and  liis  gn-at  power  as  a  comparative  osteologist. 

I'lof.  March's  early  work  was  upon  an*  Knaliosaurian  from  the  Coal-formation  of 
Nova  Scotia ;  hut  this  limited  field  of  vertebrate  research  was  soon  left  for  the  fossils 
of  tlie  wonthjrful  country  in  the  wrstern  tirriiories  of  the  United  States.  The  Cre- 
taceous scries  yielded  the  remarkable  fos>il  birils,  whose  examination  has  been  due  to 
rrofc!?>or  Marsh  ;  he  added  t<;)  the  knowle<lge  of  tlie  Pyth<momorpha  from  the  snme 
series  by  distinguishing  the  pehio  girdle  and  the  hind  limbs.  The  Pterodactyles 
hnvtr  hceu  hi«<  especial  study,  as  have  also  the  Mosasaurs  of  New  Jersey  and  the 
Tfih-sauri  and  Lfi^tomntri  of  Kansas.  The  fo»bil  fish  of  the  Ni(»brara  group  have 
b« «n  in  j)urt  worked  out  by  him.  Interesting  and  important  as  have  been  these 
reM-aiiln's  in  the  lower  vertebrates,  they  are  surpassed  by  Prof.  Marsh's  paheun- 
tolo<:i(al  contributioiih  regarding  the  Mammalia  of  the  post-Cretaceous  agt^.  He 
has  dvscrilied  some  of  the  Oreodontidie,  those  interesting  Artiodactvlesof  the  Mi«»CvUt« 
of  On^niu  ;  and  he  has  illusttated  and  contributed  to  our  knowlcfige  of  the  Perisso- 
dactyles  of  the  so-called  Eoceu<!  of  the  western  territ(»ries  of  his  country,  the  genera 
J'tiffffisf/ops.  /jhntio/it/ii8,  Lop/iiodoti,  Ili/ntcht/us,  and  Lifnnothtrium  being  especially 
studiul.  His  nwnrclies  amongst  the  Dinoceratida?  are  familiar  to  evtry  geoli'gist, 
niid  mo-t  anatomi^ts  will  ||dmire  his  labours  amongst  the  fossil  Uodentia.  Pmf. 
Mar>h,  more(»vrr,  has  j)aid  pveat  attentiim  to  and  described  fossil  species  of  (*roco<i ilia, 
La<:<rtilia,  and  (Jlyplosauria,  from  the  same  series  of  strata,  whose  stratigruphieal 

{)o-.ition  is  still  a  matter  of  debate.     1  trust  that  you  will,  as  a  brother  pahitmtoloirist 
ahourin<;  M-mewhat  in  the  same  tield,  express  to  Prof.  Marsh  the  appreciation  we  all 
LavL'  ul' his  ihtvivbtiug  and  valuable  conlri\)\iUoii&  lo  out  science. 
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Mr.  Holke  replied :— I  cannot  doal>t,  Sir,  tbat  tiie  award  of  this  Medal  will  afford 
Ptof.  Manh  the  highest  sati«faotion.  His  sendees  to  Palseontoloi^  have  just  been 
■o  fully  enamemted  by  yourself  as  not  to  leave  me  anything  to  add  in  his  behalf;  - 
they  are  so  nomerons  and  so  important  as  to  mark  an  epoch  in  this  line  of  research. 
The  present  recognition  of  the  yalae  of  his  labours  will  doubdess  prove  an  incentive 
to  fresh  work. 

The  President  then  proceeded  to  read  his  Anniversary  Address,  in  which  he  re- 
ferred ti>  the  fact  that  the  strict  uniformitarianism  of  former  days  is  giving  way  to  a 
school  which  insists  upon  the  recognition  of  a  scientific  cosmogony,  and  attempts  the 
explanation  of  the  gradual  evolution  of  the  globe.  He  noticed  the  characters  of  the 
great  enrves  of  the  surface  produced  by  the  earliest  contractions  of  the  globe  in 
oooliofp,  and  especially  discussed  the  effect  of  the  forces  to  which  the  curving,  folding, 
levernng,  and  upheaval  of  rocks  are  due,  in  the  production  of  heat  below  the  surface 
of  the  earth,  and  the  manifestations  of  this  interior  heat  in  vulcanicity  and  meta- 
morpkism.  He  also  referred  to  the  rate  of  formation  of  deposits,  the  necessary 
extension  of  geological  time,  the  conditions  of  denudation,  the  extent  and  cosmical 
relations  of  the  atmosphere  of  our  earth,  and  the  <*ffects  upon  geological  phenomena 
of  a  probsblj  higher  and  more  abundant  atmosohere  in  pHst  ages.  Stratigraphical 
ecology,  he  remarked,  has  become  synthetic ;  ana  instead  of  seeking  for  sharp  breaks 
oetween  formations,  characterised  by  universal  destructions  of  existinif  and  creations 
•f  new  forms,  geologists  now  seek  for  evidence  of  the  continuity  of  geological  pheno- 
mena, the  so-oilled  **passa^-beds*'  bein^  recognized  as  not  geological  anomalies, 
but  links  in  the  chain  of  evidence  regarding  the  variety  of  the  synchronous  changes 
«n  the  sarface  of  the  earth,  and  of  the  irregularity  and  localization  of  the  grand 
movements  of  its  crust.  These  statements  were  illustrated  by  reference  to  various 
formations  in  different  parts  of  the  earth.  The  President  also  briefly  discussed  the 
modem  doctrine  of  the  origin  of  organic  forms  by  descent  with  modification.  The 
Address  was  prefaced  by  some  obituary  notices  of  Fellows  and  Foreign  Members 
deceased  during  the  past  year,  including  Prof.  Ehrenberg,  Baron  von  Waltershausen, 
Prof.  Brongniart,  Mr.  E.  Billings,  Dr.  H.  C.  Barlow,  Dr.  H.  Oredner,  Mr.  T.  6. 
Wyndham,  and  Mr.  David  Korbes. 

The  Ballot  for  the  Council  and  Officers  was  taken,  and  the  following  were  duly 
elected  for  the  ensuing  year  :—Pr0*M<9N/ ;  Prof.  P.  Alartiii  Duncan,  M.B.,  F.R.S. 
Vice'Fre$ident9:  Sir  P.  de  M.  Grey-Egerton,  Bart,  M.P.,  F.R.S.;  H.  Etheridge, 
Esq.,  F,tt.S.;  John  Evans,  Esq.,  F.K.S ;  Prof.  J.  Prestwich,  M.A.,  F.R.S. 
Steretariea:  J.  W.  Hulke,  Esq.,  F.R.S.;  Rev.  T.  Wiltshire,  M.A.  Foreipn 
Steretary :  Warington  W.  Smyth,  Esq.,  M.A.,  F.R.S.  Treasurer:  J.  Gwyn 
Jt^ffrevs,  LL.D.,  F.K.S.  Council:  H.  Bauerman,  Esq.;  Rev.  T.  G.  Bonney,  M.A.; 
W.  Cfarruthers,  Esq.,  F.R.S ;  Prof.  W.  Boyd  Dawkins,  M.A.,  F.R.S.;  Prof.  P. 
Martin  Duncan,  M.B.,  F.R.S.;  Sir  P.  de  M.  Grey-Egerton,  Bart.,  M.P.,  F.R.S.; 
R.  Etheri«lge,  Esq.,  F.U.S.;  John  Evans,  Esq.,  F.R.S.;  Henry  Hicks,  Esq.;  W. 
H.  tludleston,  Esq.,  M.A.;  J.  W.  Hulke,  Esq.,  F.R.S.;  J.  Gwyn  Jeffreys,  LL.D., 
F.R.S.;  Prof.  J.  W.  Judd;  Prof.  T.  MCKenny  Hughes,  M.A.;  Prof.  J.  Morris; 
Prof.  J.  Prestwich,  M.A.,  F.U.8.;  R.  H.  Scott,  Esq.,  M.A.,  F.R.S.;  Earl  of 
Selkirk,  F.R.S.;  Samuel  Sharp,  Esq.,  F.S.A.;  Warington  W.  Smyth,  Esq.,  M.A., 
F.H.S.;  Admiral  T.  A.  B.  Spratt,  C.B.,  P.R.S.;  Rev.  T.  Wiltshire,  M.A.,  F.L.S.; 
Henry  Woodward,  Esq.,  F.R.S. 


III.— February  21st,  1877.— Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  President, 
in  the  Chair. — The  following  communications  were  read : — 

1 .  **  On  Possible  Displacements  of  the  Earth's  Axis  of  Figure  produced  by  Elevations 
and  Depressions  of  her  Surface.*'  By  the  Rev.  J.  F.  Twisden,  M.A.,  Professor  of 
Mathematics  in  the  Staff  College.  Communicated  by  John  Evuns,  Esq.,  F.R.S.,  F.G.S. 

The  object  of  this  paper  is  to  discuss  the  question  of  the  possibility  of  a  displacement 
of  the  earth's  axis  of  fi^re  under  the  conditions  indicated  in  a  question  (suggesting 
the  possibility  of  a  displacement  of  the  axis  of  figure  from  the  axis  of  rotation 
amounting  to  15'  or  20^  put  to  mathematicians  in  a  passage  of  the  Anniversary 
Address,  delivered  to  the  Geological  Society,  by  its  President,  J.  Evans,  Esq.,  on  the 
18th  February,  187C.  The  treatment  of  the  question  is  kineraatical;  the  forces  by 
which  the  elevations  and  depressions  might  be  eifeetcd  do  not  come  under  discussion. 
In  determining  numerically  the  amount  of  the  deviation  from  the  formulas  investigated^ 
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■ppraximite  mmbtn  ••«■  to  b«  ■riinJiitiy  tnol  ht  mmj  mM  pvpoM.   Tbe 
MdarioM  arrived  «l  an  m  ibUowi  :— 

(1)  The  iliipUftWMwt  of  tJM  earth'i  iSi  of  flgm»  frwi  th»  lii  al  lotolkathrt 
wciud  be  eAJBoM  br  tlM  etofattoni  tad  depnnioao  eoggerted  a  tbo  qMrtM  ibefe 
referred  to,  would  M  lea  than  10^  of  angle. 

(3)  A  daplaeement  of  as  maflli  as  SO*  ooold  be  affeotod  bf  Iha  atoiajjoi  nd 
depreaaioM  of  tiie  kiad  angratod  onl j  if  tiiair  baighli  and  dapwi  aoMaadad  bj  ■nj 
timea  the  baigbt  ol  tiie  bigheat  moontaiiia. 

J 8)  ITnder  no  cuajwiataneai  ooald  a  djaplacaawat  of  >y  be  aftatod  by  *  tnuMfcr  of 
tter  of  leaa  aniouA  than  about  a  Bxtii  part  of  the  wboto  aqaatorial  bugau 

(4)  Efen  if  a  tnmler  of  tbia  ooaotitT  of  anttor  van  to  take  plaea,  it  aaad  Mt 
prodnoe  anj  effiwti  or  only  a  aanad  tthti,  oa  tiie  ^eaitaiai  of  ihe  ana  of  flgna,  $4,  if 
it  took  plaoe  im  a  way  reaembliBg  that  aaggeatod  in  the  qpaarion,  it  wwld  piodMa  a 
dimlacemeiit  aflMMnmng  to  but  a  amall  part  of  SO*. 

(6}  H  howeffor,  we  anppoae  a  donation  of  the  azia  of  dgot*  fram  the  azia  af 
rotation  amonating  to  aa  raneh  aa  SO*  to  hava  been  by  any  meana  biowght  abont,  tta 
effset  would  be  to  aanae  a  aort  of  tidal  motion  in  dM  oeaaa,  the  graatart  b^|^  of 
which  wonid  tend  to  be  about  twiee  the  depth  of  the  oeean.  Tbtb  anfliar  anggeeh  ae 
probaUe  that  the  efleot  of  thia  tandeney  wimld  be  to  aanae  the  oaean  to  aweep  over 
the  eontinenti  in  mueh  the  eame  way  that  a  rinng  tide  awaepa  over  n  laar  basK  on  a 
leral  ehore. 

(0)  The  notion  that  a  laige  deviation  of  the  earth'a  nzia  of  dgina  ftoaa  ita  niia  of 
lOTolntion  maybe  effisoted  by  derationa  and  aoooaqiaaying  deprMaaoaa  ia  at  fint  eight 
an  inriting  way  of  bringing  polar  lande  into  lower  latitadea,  and  thenby  naaonnting 
ibr  the  more  genial  elimato  that  ia  believed  to  have  onee  nrerailed  in  aneh  eavntricaae 
Greenland.  The  inveetigation  by  wfaieh  the  abofo  reaalte  have  been  oblaiBad  eeaaw 
to  ehow  that  the  deeired  oqdaaation  ia  not  to  be  aongfat  in  the  diraetioa  Jndinataii  by 
Kr.  Srans's  qneation.  Aether  there  ia  any  other  acenoy  by  wldeh  n  gndaai 
dieplaeemeat  of  the  pcde  ^eographieally  eoold  oe  effsotea  ia  n  ipiaetion  of  te  wider 
aoope  than  that  diaeiMed  lu  the  preeant  paper,  and  one  whuh  the  anflMr  doaa  not 
profess  to  determine.* 

D18CU8810N. — Mr.  ETAira  was  willing  to  admit  that  in  his  Addreae  be  had  aome- 
what  overstated  the  amowit  of  change  in  the  position  of  the  polar  azia  which  was 
likely  to  result  from  the  supposed  belts  of  elevation  and  depression.  When,  howerer, 
he  was  told  that  the  displacement  would  not  exceed  ton  miles,  notwithstanding  his 
implicit  faith  in  mathematics,  there  arose  an  inward  feeling  of  disbelief  as  to  the 
oonditions  of  the  problem  hanng  been  accurately  stated  in  order  to  obtain  aneh  a 
result.  It  seemed  to  him  that  the  author  had  treated  the  globe  aa  an  abaolntely  adid 
spheroid  instead  of  a  terraqueous  globe,  with  the  proportions  of  land  and  aea  upon  ita 
surface  as  at  present  existing,  which  were  important  elements  in  the  oaae. 

The  depth  of  the  ocean  in  equatorial  and  polar  regions  ought  surely  to  be  taken 
into  account,  as  it  was  quite  possible  to  conoeiye  of  the  irregidarly-ahaped  solid 
portion  of  the  globe  projecting  m  places  through  a  spheroidal  coating  of  water,  so  as 
to  form  large  tracts  or  land,  and  yet  on  the  ayerago  forming  a  inhere.  Such  a  nphere, 
from  disturbances  of  its  equilibrium,  he  believed  would  be^  much  more  liable  to 
changes  in  its  axis  than  a  spheroid,  and  the  nearer  a  spheroid  approaidied  a  aphere, 
the  more  sensible  it  would  become  to  such  disturbances. 

He  had  never  intended  to  suggest  that  the  hypothetical  belt  was  to  be  suddenly 
elevated  so  as  to  produce  the  enormous  tidal  movements  of  which  the  author  spoke. 
On  the  contrary,  he  believed  that  all  such  distorbances  of  equilibrinm  were  gradual, 
and  that  the  axis  of  rotation  and  that  of  figure  were  never  at  any  great  distanoe  from 
each  other.  There  was  one  portion  of  the  paper  which  he  found  difficult  to  com- 
prehend. He  could  not  conceive  why  so  enormous  a  protuberance  aa  126  ndlea  over 
a  belt  20"*  in  width  should  be  necessary  in  order  to  displace  the  polar  axis  by  20*, 
when  the  present  equatorial  protuberance  was  only  about  one-tenth  of  that  height. 

Moreover,  the  probability  is  that  the  earth,  instead  of  being  a  rigid  aolid,  is  to  a 
certain  extent  viscous  or  plastic,  and  that  such  should  be  the  case  aeema  (|nito  in 
accordance  with  geological  facts.    If  the  globe  were  a  viscous  body,  with  a  solid  cmst 

1  The  fint  draught  of  the  paper,  of  which  the  above  ia  an  acoonnt,  was  drawn  «p  last  August, 
and  was  shortlj  after  sent  to  Mr.  Evans.  It  was  written  independently  of  the  wider  view  of  ths 
subject  taken  bv  Sir  W.  Thomson  in  his  Address  delivered  at  the  last  MecCiiic  of  the  British 
AMociation,  and  by  Mr.  O.  Darwin  in  his  paper,  of  which  aa  abatraet  has  besn  puhUshed  to 
Mo.  175  of  the  Proceedings  of  the  Boyal  Society. 
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of  Bodermte  thicknen,  elevations  snoh  as  suggested  ia  tbe  Address  mi^bt  well  saffice 
to  bring  about  a  sbifting  of  tbe  crust,  eitber  by  sliding  on  tbe  fluid  or  viscous  interior, 
or  bj  causing  it  to  undergo  a  certain  amount  of  gradual  deformation.  Tbe  thinner  tbe 
cmaft^  provi^d  it  were  sufficiently  rigid  to  support  the  elevations  once  mode  upon  it, 
die  more  readily  would  its  geograpbical  position  be  cbangcd  with  regard  to  tbe  poles. 
With  regard  to  tbe  tbickness  of  tbe  cmst  at  tbe  present  time,  he  did  not  despair  of 
astronomers  at  last  conceding  a  less  tbickness  tban  that  assigned  by  tbe  late  Mr. 
H<mkins  and  Sir  William  Thomson.  He  was  glad  to  find  that  tbe  latter,  in  bis 
Admss  to  tbe  Mathematical  Section  of  tbe  British  Association  at  Glasgow,  was 
willing  not  merely  to  admit,  but  to  assert  as  highly  probable,  that  the  axis  of 
maximum  inertia  of  the  earth  and  tbe  axis  of  rotation,  always  very  near  one  another, 
mhj  have  been  in  ancient  times  yerv  far  from  their  present  geographical  position,  and 
may  hare  gradually  shifted  througn  10,  20,  30,  40,  or  more  degrees,  without  at  any 
time  any  perceptible  sudden  disturbance  of  either  land  or  water. 

Mr.  fieorge  Darwin,  also  no  mean  mathematician,  in  his  paper  recently  communi- 
cated to  the  Royal  Society,  agrees  as  to  the  probability  of  large  geological  changes 
affecting  the  position  of  tne  poles,  and  reganu  the  effect  of  such  cnanges  as  possibly 
coranlatiTe. 

Mr.  Evans  felt  that  tbe  Society  was  much  indebted  to  Mr.  Twisdcn  for  having 
likewise  investigated  tbe  question,  in  which,  of  course,  ho  was  personally  much 
interested. 

Prof.  Ramsat  referred  to  tbe  former  prevalence  in  Geology  of  views  which  had 
long  since  been  exploded,  and  exprrased  nis  opinion  that  berore  long  the  thcoij  of 
the  fixed  geograpbical  position  of  the  poles  of  the  earth  would  share  the  same  fate, 
and  that  tbe  position  of  the  poles  would  be  regarded  as  very  variable  indeed.  The 
Flora  of  various  deposits  in  Polar  lands  indicated  the  growth  of  plants  which  would 
require  tbe  stimulus  of  light,  even  if  the  necessary  amount  of  heat  for  their  growth 
coold  be  accounted  for.  With  respect  to  great  local  changes  of  level,  he  remarked 
that  the  northern  part  of  Africa  was  4000  feet  below  the  level  of  the  sea  in  very 
recent  times,  and  there  was  considerable  reason  to  suppose  that  even  later  than  the 
Miocene  a  vast  tract  of  land  occupied  the  space  between  what  were  now  the  con- 
tinents of  Africa  and  India.  Of  course  no  one  supposed  that  the  position  of  the 
poles  had  been  changed  by  rapid  upheavals  of  land ;  but  as  wo  know  that  all  geo- 
loincal  changes  of  level  have  been  slow  and  gradual,  so  the  poles  may  have  altered 
their  position  by  a  process  as  slow  as  that  of  evolution  which  has  originated  the 
species  of  animals  and  plants  during  the  long  series  of  geological  time.  Such 
questions  as  these  were  serious  questions  involving  the  results  of  much  observation, 
and  could  not,  be  thought,  be  solved  in  the  closet  by  any  amount  of  geological  work. 

Prof.  T.  McKenny  lluibes,  Mr.  A.  W.  Waters,  the  Rev.  J.  F.  Ulake,  and  I'rof. 
Seeley,  also  took  part  in  the  discussion,  and  the  author  briefly  replied. 

2.  •*  Note  on  a  Specimen  of  Diploxyhn^  from  the  Coal-formation  of  Nova  Scotia." 
By  J.  W.  Dawson,  LL.D.,  F.R.S.,  F.G.S. 

Tbe  author  described  the  occurrence  in  Coal-measure  sandstone  at  the  South 
Joggins  of  an  erect  stump  of  a  Sigillarian  tree  12  feet  in  length.  It  originated 
in  a  coaly  seam  6  inches  thick,  and  terminated  below  in  spreading  roots ;  below  the 
coal-seam  was  an  under-clay  3  feet  4  inches  thick,  separating  it  from  an  underlying 
team  of  coarse  coal.  The  stem,  which  tapered  from  about  2^  feet  in  diameter  near 
the  base  to  1^  foot  at  the  broken  end,  was  a  sandstone  cost,  and  exhibited  an  internal 
axis  about  2  inches  in  diameter,  consisting  of  a  central  pith  cylinder,  rcplactMl  by 
sandstone,  about  f  inch  in  diameter,  and  of  two  concentric  coats  of  scalarifurin  tissue, 
the  inner  one  r^g  inch  in  thickness,  the  outer  constituting  the  remainder  of  the  axis. 
The  scalariform  tissue  of  the  latter  was  radially  arranged,  with  the  individual  cells 
quadrangular  in  cross  section.  A  few  small  radiating  spaces  partially  tilled  with 
pyrites  obscurely  represented  the  medullary  rays,  which  were  but  feebly  developed ; 
the  radiating  bundles,  passing  to  the  leaves,  ran  nearly  horizontally,  but  their  structure 
was  very  imperfectly  preserved.  The  cross  section,  when  weathered,  showed  about 
twenty  concentric  rings ;  but  these  under  the  microscope  appeared  rather  to  be  bands 
of  compressed  tissue  than  true  lines  of  growth.  The  thick  inner  bark  was  replaced 
by  sandstone,  and  the  outer  bark  represented  by  structureless  coal.  On  a  small 
portion  of  one  of  the  roots  the  author  traced  the  remains  of  stigmarioid  markings. 
From  tbe  above  characters  the  author  identified  this  tree  with  Diploxylon  of  ConJa, 
and  stated  that  it  was  tbe  flrst  well-characterized  example  of  this  type  of  Sigillariaus 


186 


Reports  and  Proceedings — 


hitherto  found  in  Nora  Scotia.  The  author  compared  the  atnicturB  of  tfaii  stem 
with  that  of  other  SigillarianB,  and  remarked  tiiat  it  seemed  to  come  witiiin  the  limits 
of  the  genus  Sigillarui,  but  to  belong  to  a  low  type  of  that  genus  approaching  Lepi' 
dodendroth  in  structure;  those  of  the  type  of  8.  elegant,  Br.,  and  S,  tpinmlomt^  Btienault, 
being  higher  in  organization,  and  leading  towards  the  still  noore  elerated  type  de- 
scribed by  him  in  1870.  He  further  discussed  the  supposed  alliaiioe  of  these  trees 
with  Gymnosperms,  and  the  probability  of  the  fruits  known  as  IVigmitMmrpm  being 
those  of  Sigillaria,  and  expressed  the  opinion  that  the  known  facts  tend  to  show  that 
there  may  be  included  in  the  genus  SigiUariOj  as  originally  founded,  species  widely 
differing  in  organization,  and  of  both  Gynmospermous  and  Acrogenons  rank. 

ly.— March  7,  1877.— Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  President,  in  the 
Chair. — The  following  communications  were  read : — 

1.  <'  On  the  Beds  between  the  Gault  and  Upper  Chalk,  near  Folkestone."  By  F. 
G.  Hilton  Price,  Esq.,  F.G.S. 

The  author  describ^  the  characters  presented  by  the  beds  between  the  Gault  snd 
Upper  Chalk  near  Folkestone,  indicated  the  fossils  contained  in  them  and  their  range 
in  I  his  divLsion  of  the  Cretaceous  series,  and  discussed  the  classification  of  the  deposit^ 
and  their  equiTalenco  with  those  recognized  by  other  writers.  His  conclusions  on; 
shown  in  the  following  tabular  arrangement : — 

Author's  divisions 
and  Cdues. 


C.  Barrois. 


F.  Drew  in 

Whitaker's 

Survey  Memoir. 


D*Orbigny. 


Craic  mameuse  k 
Ter.  gracilis,  about 
75  feet. 

Craie  noduleuse  k 
hioe.  labiatut,  76 
feet. 


as 

^1 


Upper  Chalk. 

IX.  Zone  of  £ehi- 
noconua  Bubroiun- 
dut  and  Terebratu^ 
linagracUU,  118  ft. 

YIII.  Zone  of  Car-  \  Concretionary 
diaster     pygmaut,  |  P  nodular   chalk, 
32  feet.  )  73  feet. 


TaTX)nian, 
150  feet. 


Bel.  pittius 
proper. 


zone 


Zone  k  Btl. 
}iUnu8  (Craie 
compac^to). 

Craie  argilciise 
avtchunchdurs 
a  Atnm.  liho- 
thomagentsis. 

Zone  h.  Amm. 
variant. 


Craie   mameuse    h 
Flocoscyp  h  ia     m  <b 
andrina. 


Mame  sableuse  = 
zone  of  J'ecten  as- 
per^  or  Warminster 
bods. 


'3 


(I 


VIT.  Zone  of  Bcl- 
emniUsplenus,  4  ft. 


VI.  Zone  of  Ho- 
laster  itubgloboaua, 
148  feet. 


V.  2ft.  9in. 

IV.  Zone  of  Amm. 

Rhifthofnagenaia, 

lift. 
III.  8jfeet. 

II.  Zone  of  10  ft. 
1 .  riocoscyph  ia  ma- 
andnna.    14  feet. 


Soft  bed  of  6  ft. 
with  Belemnites, 
Whitaker,  p.  33. 


White 
without 
138  feet. 


chalk 
flints, 


I  Cenomanian, 
r  197  feet. 


Chalk  marl, 
thickness  not 
given ;  say  about 
30  feet. 


Upper  Gault. 

2.  "  On  the  Vertebral  Column  and  Pelvic  Bones  of  Fliosaurua  Evansi  (Seeley),  from 
the  Oxford  Clay  of  St.  Neot's,  in  the  Woodwardian  Museum  of  the  University  of 
Cambridge."  By  Harry  Govier  Seeley,  Esq.,  F.L.S.,  F.G.S.,  Professor  ol  Geo- 
graphy m  King's  College,  Loudon. 
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In  this  paper  the  inihor  dewsribed  some  bones  obtamed  by  J.  J.  Btsiis,  "Eaq^  in 
the  lower  pert  of  the  Oxford  Clay  at  Eynsbury,  near  St.  Neot'e.  They  consisted  of 
thirty-seTen  Tertebne,  twentr-one  of  which  are  cerrical,  and  apparently  complete 
that  aeries.  These  presentea  the  characters  of  the  cerrical  TertebrsB  of  the  typical 
FliosaiRs  of  the  Kinuneridg^  Clay.  The  remains  of  Uie  pelTis  included  a  pubic  Done 
showing  a  close  oorrespondenee  in  form  with  those  of  the  Pliosaurs  of  the  Kimme- 
lidge  Clay  of  Ely,  and  an  ischiam. 

3.  "Supplementary  Kotes  on  the  Faona  of  the  Cambridge  Greenland."  By  A. 
J.  Jukes-Browne,  Esq.,  6.A.,  F.G.S. 

ThiB  paper  was  supi^ementaiT  to  one  communicated  to  the  Society  by  the  author 
in  187A,  in  which  he  maintained  that  the  Upper  Greenland  doci  not  extend  further 
in  a  north- westerly  direction  than  Weit  End  Hill,  near  Cheddingtsu,  in  Bucking- 
hamshire, that  the  Cambridge  Greensand  is  merely  a  nodule-bed  at  the  base  of- the 
Chiilk  Marl,  rerting  unconformably  upon  denuded  (rault,  to  the  upper  part  of  which 
the  greater  portion  of  the  fauna  belongs,  and  that  the  remainder  of  the  Fauna,  be- 
longing to  the  depoat  itself,  eonnsts  of  ipeciei  proper  to  the  Chalk  Marl  rather  than 
to  the  Upper  GreennBd.  The  object  of  the  paper  was  to  indicate  certain  additions 
to,  and  corrections  in,  the  list  of  fossils  upon  which  these  conclusions  were  suppoHed. 
The  following  Gaalt  species  were  indicated  as  not  preTiously  identified  in  the  Cam- 
bridge Greensand '. — y^autiltu  areuatua,  Besh.  ;  V.  intgqualitf  Sow. ;  Turrilitet 
eU^mu,  D'Orb. ;  P  T.  Emerieiantu,  D*Orb. ;  Omithopus  hUtoeh$ila,  Gardn. ;  Braehp- 
itoma  tmffuiaris,  Seeley;  Turbo  FieUtianuty  D'Orb.;  FUurotomaria  rtginti^  Piet  & 
Boux ;  P  P.  Itieriana,  Pict  ft  Boux ;  FtUm  Baulinianua,  D*Orb. ;  P.  tubaeutua^ 
D'Orb.;  and  Litna  RauHmanOj  D^Orb.  The  author  described  as  new  species: 
TurrUitea  nobility  Kauiilutj  sp.  uoy.,  Nmtiea  livutriaiA,  Nerita  nodutoM,  and  Lima 
intiriineatOj  and  noted  serenl  corrections  in  the  nomenclature  adopted  in  his 
fimner  list. 


THE  FOSSIL  FLOBA  OF  THE  TERTIABY  BEDS  OF  BOURNEMOUTH. 

Sm, — As  Mr,  Gardner  admits  that  the  vegetation  of  the  Bourne- 
mouth beds  is  drifted,  the  question  seems  to  resolve  itself  into  one  of 
extent.  This  he  thinks  he  can  measure,  and  pronounoes  to  be  very- 
limited,  ly  on  the  contrary,  venture  to  doubt  that  there  is  anything 
in  the  state  of  this  vegetation  repugnant  to  its  having  travelled  various, 
and  in  some  cases  considerable,  distances.  He  insists  that  the  leaves 
have  never  been  drifted  from  afar,  because  of  their  perfect  condition, 
and  because  they  are  often  adherent  to  the  twigs ;  and  he  adds  that 
"  the  forms  of  most  temperate  aspect  are  best  preserved,  so  that,  to  be 
logically  applied,  the  Drift  theory  requires  the  palms,  etc.,  to  have  been 
drifted  upwards."  Now  I  fail  (and  I  think  that  your  readers  will  fail 
alao)  to  perceive  any  logic  in  the  matter.  Short  tributaries  descending 
from  elevated  regions  at  no  great  distance  would  necessarily  have  a 
very  swift  current;  and  the  vegetable  spoil  of  those  regions  would  in 
consequence  be  carried  far  more  quickly,  and  in  better  condition, 
towards  the  place  of  its  deposit  than  would  much  of  that  carried  by 
the  main  river  and  by  those  tributaries  which  flowed  with  more 
sluggish  currents  through  longer  tracts  of  low  ground,  and  brought 
•*  the  palms,  etc." 

Mr.  Gardner,  after  intimating  that  I  appear  to  he  totally  un- 
acquainted with  the  subject,  observes  that  the  Fauna  of  the  Thanet 
sands,  Woolwich  beds,  London  Clay,  Brackleshara,  Headon,  Bembridge, 
and  Hempstead  beds,^  make  it  plain  to  us  that  the  climatal  conditions 

^  The  Hempstead  beds  are  not  usually  regarded  as  Eocene. 
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during  the  deposit  of  our  Eocene  series  diflfered  widely  at  each  period. 
Kow  my  acquaintance  with  the  Eocene  formation,  and  with  its 
Pauna  in  various  ways/  is  somewhat  more  than  Mr.  Oardner  gives  me 
credit  for;  and  I  distinctly  traverse  his  suggestion  that  the  Fauna 
of  the  beds  he  names  affords  (when  allowance  is  made  for  varying 
conditions  of  bottom  and  depth,  and  for  the  difficulty  in  making 
comparisons  between  faunas  of  which  some  are  marine,  some  fluyio- 
marine,  and  some  fluviatile,  as  is  the  case  with  these  beds)  any  indica- 
tion whatever  of  a  diversity  of  climate.  Fortifying  the  opinion  which 
I  have  formed  from  my  own  acquaintance  with  these  beds,  and  with 
their  Fauna,  by  that  to  the  same  purport  of  my  father,  who  has  made 
the  study  of  the  Tertiary  Mollusca  the  occupation  of  the  greater  part 
of  a  long  life,  I  contend  that,  so  far  as  the  past  can  be  judged  from 
what  is  known  of  the  present,  this  fauna  is  of  tropical  character 
throughout.  It  was  once  thought  that  the  mollusca  of  the  Thanet 
sands  indicated  a  colder  climate  than  did  those  of  the  beds  which 
succeed  it,  but  the  subsequent  discovery  of  a  Nautilus  in  these  sands  has 
made  even  that  view  difficult  to  bo  maintained.  Moreover,  not  only  do 
the  Eocene  beds  of  Western  Europe  present  this  character,  but  the 
close  similarity  between  Eocene  mollusca  found  in  the  Aral-sea  region 
and  those  from  the  English  and  French  beds  indicates  that  thb  climate 
prevailed  under  nearly  the  same  latitude  as  far,  at  least,  as  the 
meridian  of  60°  East  longitude. 

I  have  trespassed  thus  much  on  your  space,  to  vindicate  the  opposi- 
tion which  I  offered  to  Mr.  Gardner's  hypothesis  of  oscillations  of 
climate  during  the  Eocene  period;  and  I  could  pursue  the  subject 
further,  as  well  as  offer  reasons  for  disagreeing  from  his  alternative 
theory  of  the  existence  of  a  mean  annual  temperature,  which  permitted 
the  growth  of  sub-tropical  and  more  temperate  forms  side  by  side ;  but 
as  he  expresses  his  intention  of  not  entering  into  any  discussion  with 
me,  this  would  be  undesirable,  as  I  should  be  sorry  to  tempt  him  into 
any  descent  from  the  serene  elevation  on  which  he  has  placed  himself. 

I  would,  however,  observe  that,  although  the  explanation  which  I 
offered  as  to  the  Hampshire  Flora  seemed  to  me  the  most  obvious  in  that 
particular  case,  and  although  I  do  look  upon  both  of  Mr.  Gardner's 
hypotheses  as  remote  from  the  truth,  I  have  nothing  to  say  in  opx>osition 
to  Prof.  Heer's  view  that  difference  of  climate  according  to  latitude  did 
not,  so  I'ar  as  it  is  evidenced  by  fossil  vegetation,  begin  to  show  itself 
until  late  in  the  Mesozoic  division  of  the  Earth's  history. 

Seakles  V.  Wood,  Jun. 

THE  GONDWANA  SERIES  OF  INDIA.2 
Sir, — I  have  some  remarks  and  corrigenda  to  add  to  my  article  on 

tbe  Gondwana  Series  of  India. ^ 

First,  as  regards  the  classification  of  the  whole  area,  as  used  in  the 

above-mentioned  paper,  I  have  to  state  that  it  should  be,  properly,  as 

follows : 

*  Amonp:st  them,  the  orij^nal  and  first  disinterment  from  the  Ilampsbire  cliff,  in 
association  with  my  futhor  (now  thirty-four  years  ago),  of  the  remains  of  "Alligator, 
Turtle,  and  other  Reptiles,"  to  which  Mr.  Gardner  in  his  paper  refers. 

«  'J'hu  publication  of  this  letter  lias  been  by  an  unfortunate  ovenjight  delayed  a 
month. — Ej>it.  Gfol.  Mao. 

^  See  Geol.  Mao.  Dec.  II.  Yd.  111.  p.  4S1. 
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OoxDWANA  Systek  (oot,  as  I  wrote,  ''  Gondwana  Series  "). 

a.   Upper  portion  of  the  Gondwana  System, 

" Kachh-Jabalpur  Group*'  (not  Kachh  Series,  as  I  wrote);  "Raj- 
mahal  Group"  (not,  as  I  wrote,  Kajmabal  Series),^  etc. 

h.  Lower  portion  of  the  Gondwana  System, 

"  Panchet  Group  " — "  Damuda  Series  **  (not,  as  I  wrote,  Damuda 
Group,  as  it  consists  itself  of  several  groups,  as,  Eamthi-Eanigunj 
group,  Iron-shales,  Barakur  Group :  this,  however,  only  stratigraphi- 
caUy). 

"  Talchir  Group "  (considered  by  me  to  be  a  lower  portion  of  the 
Damuda  Series). 

In  the  chapter  on  the  fossils  of  the  Panchet  Group  (/.  o,  p.  486)  I 
have  to  add  that  Prof.  Huxley,  although  considering  the  vertebrate 
fomils  as  probably  Triassic,  found  also  some  affinities  with  certain 
Permian  forms ;  but  the  closest  connexion  is  still  with  the  Triassic  (?) 
South  African  reptilian  remains.  And  here,  in  India,  we  have,  as 
additional  evidence,  throughout  a  Triassic  (Keuperic)  Flora,  which 
leaves  little  doubt  that  our  Panchet  Group,  in  comparison  with  already 
known  formations,  is  to  be  considered  as  what  is  termed  in  Europe 
"Keuper."  This,  of  course,  is  not  intended  to  prove  that  both  are 
contemporaneous.  It  proves  only  identity  of  forms,  and  therefore  the 
some  homotaxial  position. 

I  write  this  note  especially  because  it  should  not  seem  that  I  have 
intentionally  left  out  half  of  the  arguments.  I  thought,  however,  to 
have  said  enough  by  referring  to  Prof.  Huxley's  important  paper  on 
the  reptilian  remains  from  the  Panchet  group,  where  he  has  himself 
so  thoroughly  discussed  their  affinities. 

There  are  also  some  serious  errata  in  the  text,  which  should  be  cor- 
rected, namely : 

On  p.  485,  line  5,  for  "  with  European  Triassic  forms,"  read 
"European  Jurassic  beds"  (for  the  only  beds  in  Kachh  are  Jurassic). 

On  p.  487,  line  12,  omit  "perhaps"  (because  there  are  certainly 
similar  forms  in  Africa). 

On  p.  489,  line  33,  for  **  Pteroph.   Carterianum^*^  readi  "Fteroph, 

Morrieianum.^^  Dr.  Ottokae  Feistmantel, 

CALcirrTA,  UrA  Bee.  1876.  Geol.  Survey  of  India. 


DE.  FEISTMANTEL'S  PAPER  ON  THE  GONDWANA  SERIES. 

Sib, — Even  a  scientific  controversy,  if  prolonged,  tends  to  become 
less  amicable  than  it  should  be,  and  I  shall  therefore  not  attempt  to 
reply  at  length  to  Dr.  Feistmantel's  remarks  in  his  paper  on  the 
Gondwana  Series  of  India,  published  in  the  Geological  Magazine 
for  November,  1876.  I  will  only  beg  that  any  one  who  feels 
interested  in  the  subject  will  do  me  the  honour  of  consulting  my 
original  paper  in  the  Records  of  the  Geological  Survey  of  India 
for  1876,  pt.  iii.  pp.  79-85,  because  I  do  not  think  that  a  just  idea 
of  my  views  or  of  the  objects  of  my  paper  will  be  derived  from 

^  This  waB  the  fonner  collective  name  for  the  whole  upper  portion  of  the  Gondwana 
•jBtem,  as  used  hy  Dr.  Oldham ;  hut  there  are  certainly  several  different  grougs. 
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Dr.  Feistmaatert  oritioinni.  Dr.  VMamnUl  waBam  ftom  die  gmi 
disadvantage  of  writiDg  in  a  fozeign  langoagB,  and  I  think  he  os- 
prenes  himself  aometimes  moxe  forcibly  uan  he  intmda. 

The  object  of  mj  paper  was  to  point  ont  that  Dr.  Fbiafmantd  had 
overlooked  some  of  the  arsamenta  which  had  mainly  influenced  tiu 
opinions  of  ihoae  of  his  ccHleagnea  who  had  written  iqpon  the  age  of 
certain  ^xHiioos  of  the  Gondwana  aerieSi  I  may  have  been  in  emr  ' 
on  certain  points,  as  on  the  question  of  the  ooonrcBDoe  of  (Noadsiii 
the  Damndas,  but  I  still  think  that  Dr.  gMstmaatel's  enthnsissm  hsi 
led  him  to  overestimate  the  aigaments  in  ftvonr  of  his  own  visMb  . 
and  to  underralae  those  which  are  orooaed  to  hia  oondnsioniL  I 
have  no  wiah  to  insist  upon  an  Upper  Oolitio  or  Post-OolitiD  hoiisoa 
for  the  plant-beds  of  Catch,  and  I  am  ft^  fiom  oonaidering  flis 
Palaaosoio  affe  of  the  Damnda  beds  as  pnyved}  hot  I  think  thSk  Dr. 
Feistmantd  has  argoed,  however  ably,  on  one  side  of  ihe  esse  only, 
and  that  it  wbm  a  mere  act  of  justice  to  his  pvedeceasora  to  exphia 
whr  they  had  come  to  a  diilezent  oonolusioii. 

My  mistake  about  the  oooaxrence  of  the  Ojfoidaeem  leqaiies  a  hw  . 
words  of  explanation,  the  more  so  that  Dr.  FWstmantel  evitaitlj 
considers  it  <rf  the  greatest  importance,  for  he  calls  attention  fo  it  in 
a  marked  manner  no  less  than  three  times  in  two  pages,  so  as  tD 

froduoe  the  impresnon  that  I  had  committed  a  most  absord  blunder. 
wrote,  ''Oyoads  have  not  hitherto  been  found  in  the  latter,"  ie.  the 
Lower  Ghmdwana  rooks.  Dr.  Fbistmantel  replies^  "Qyoadaceoos 
plants  are  not  absent  at  all  *' ;  and  be  proceeds  to  emmierBte  t^ee 
species,  and  he  adds  in  a  footnote  referring  espeoially  to  me,  **  they 
(t.e.  Cjcads)  were  indeed  known  long  ago."  Now  what  are  the 
facts?  Two  of  the  three  species  enumerated  by  Dr.  Feistmantel, 
viz.  Nbggerathia  Vosge$iaea  and  the  GloaaozamiteSf  were,  to  the  best 
of  my  knowledge,  not  even  detected  by  Dr.  Feistmantel  himself 
till  after  my  paper  was  written ;  certainly  no  notice  ot  them  was 
published,  nor  had  Dr.  Feistmantel  called  my  attention  to  them. 
The  third  species,  described  by  Sir  0.  Bunbury  as  Ndggermihii^ 
Hislopi,  was,  if  I  am  not  mistaken  (I  am  writing  at  a  distance  from 
all  books  of  reference),  referred  with  doubt  to  the  genus;  and 
N&ggeraihta  certainly  was  not  formerly  classed  as  a  Cycad;  still 
Dr.  Feistmantel  may  be  right  in  referring  it  without  any  doubt  to 
the  Cycadacea,  and  all  I  have  to  say  in  apology  is  that  I  was  not 
aware  that  the  Cycadaceous  nature  of  the  genus  had  been  ascertained. 
I  think  this  explanation  is  necessary,  and  it  is  to  be  regretted  that 
Dr.  Feistmantel,  by  omitting  to  state  all  the  facts,  has  compelled  me 
to  make  it.  W.  T.  Bianiobd. 

Camp,  Sikd,  Ftbrumry  U(,  1877. 

MR.  CARPENTER  ON  THE  PLANET  MARS.* 

Sir, — In  the  first  paragraph  of  the  first  article  of  your  last  issue^ 

Mr.  Carpenter  has  exactly  inverted  the  proper  descriptions  of  Mr.  CroU's 

and  Mr.  Murphy's  theories.     This  no  doubt  was  a  slip  of  the  pen. 

But  when  he  goes  on  to  say  that  it  has  occurred  to  him  that  he  has 

^  See  the  Mrt^  Number,  p.  07. 
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lever  seen  in  this  discussion  (on  climate)  any  reference  to  the  planet 
^lars,  he  ought  to  have  added,  that  it  had  not  occarred  to  him  to  look 
>ut  "  Mars  "  in  the  index  to  "  Climate  and  Time."  0.  F. 


THE  PILSEN  PEBMO-CARBONIFEROUS  BEDS. 
Sir, — ^In  the  extremely  interesting  paper  on  the  Permo-Car- 
boniferous  beds  of  Bohemia  which  appears  in  the  current  number  of 
the  Geolooioal  Maoazins,  Dr.  0.  Feistmantel  appears  to  rely  very 
strongly  on  the  announcement  which  he  says  was  made  by  Dr. 
Anton  Fritsch  at  the  last  meeting  of  the  British  Association  that  he 
considered  the  Nurschan  Ghts-coal  horizon  as  a  passage-bed  from 
Carboniferous  to  Permian.  Now  when  Dr.  Fritsch  exhibited  his 
splendid  series  of  specimens  before  the  Geological  Section,  it  was 
evident  that  he  avoided  c&refuUy  expressing  any  statement  of  opinion 
as  to  the  exact  age  of  the  beds  whence  they  came.  A  member  then 
rose  and  asked  Dr.  Fritsch  whether  he  considered  the  Pilsen  Gas- 
coal  series  as  Carboniferous  or  Permian,  or  whether  be  looked  upon 
them  as  passage-beds.  The  only  answer  elicited  from  the  cautious 
palaeontologist  was  that  it  was  not  yet  time  to  settle  the  matter,  and 
that  more  work  was  required  before  the  question  was  ripe  for  de- 
cision. In  fact,  he  declined  to  give  any  clue  as  to  what  his  views  on 
the  subject  might  be.  The  Question eb  Himself. 

8  March,  1877.  

THE  TERM  "  CHLORITIC  MARL." 

Sib, — In  the  review  of  Cambridgeshire  Geology,  by  the  Rev.  T. 
6.  Bonney,  in  your  last  Number,  your  reviewer  takes  exception  to 
the  use  in  that  work  of  the  terra  "  Chloritic  Marl "  as  applied  to 
the  Phosphatic  Nodule-bed  at  the  base  of  the  Chalk-marl  in  Cam- 
bridgeshire and  elsewhere.  From  this  it  would  appear  that  there  is 
some  doubt  about  the  proper  use  of  the  term,  and  I  should  be  very 
glad  to  hear  from  your  reviewer  what  he  considers  the  true  typical 
Chloritic  Marl.  The  question  of  nomenclature  is  so  important  that 
I  feel  sure  your  readers  will  not  regret  the  use  of  a  small  poriion  of 
your  valuable  space  in  clearing  up  a  doubt  which  seems  to  exist  on 
this  subject.  H.  Geobge  Fobduam. 

Odsey,  Rotston,  March  6th,  1877. 


OBiru\A.:R"5r. 

JAMES  SCOTT   BOWERBANK,    F.R.S.,    F.L.S.,   F.G.S., 

PRESIDENT    OP    THE    PALKONTOORAPHICAL    SOCIETY. 
BORN    JULY    I4>    1797.    DIED    MARCH    8.    1877. 

It  is  with  no  ordinary  feelings  of  regret  that  we  record  the  loss 
of  the  Founder  and  President  of  the  Palaeontographical  Society. 

James  Scott  Bowerbank  was  born  in  Bishopsgate,  London,  in  1 797. 
He  succeeded,  in  conjunction  with  his  brother,  to  his  father's  dis- 
tillery, in  which  business  he  was  an  active  partner  until  1847. 
From  his  youth  he  exhibited  a  strong  attachment  to  Natural  History 
pursuits,  especially  to  Botany.  When  of  age,  he  joined  the  Mathe- 
matical Society  of  Spitalfields,  and  remained  a  member  until  its  in- 
corporation with  the  Royal  Astronomical  Society  in  1845.    Here  he 
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became  acquainted  with  many  scientific  men,  and  earnestly  entered 
upon  a  course  of  Natural  Science  studies,  which  were  steadily  cod- 
tinued,  although  he  was  actively  employed  in  a  business  demanding 
constant  and  careful  attention  for  at  least  twelve  hours  daily.  His 
pursuit  of  science  was  a  labour  of  love,  for  at  that  period  but  httie 
favour  was  bestowed  either  upon  science  or  its  votaries. 

During  the  years  1822,  1823,  and  1824,  he  delivered  courses  of 
public  lectures  on  Botany,  and  later,  in  1831,  on  Human  Osteology. 

About  1836  he  fonned,  with  F.  E.  Edwards,  Searles  V.  Wood, 
John  Morris,  Alfred  White,  and  N.  T.  Wetherell,  "The  London  Clay 
Club ;  *  the  members  of  which  devoted  themselves  to  the  task  of 
examining  the  fossils  of  the  London  Clay,  and  making  a  complete 
list  of  the  species. 

In  1847,  after  the  reading  of  a  paper  by  Prof.  Prestwich,  at  the 
Geological  Society,  "  On  the  Structure,  etc.,  of  the  London  Clay," 
Bowerimnk  joined  in  the  discussion,  and  in  the  tea-room,  after  the 
meeting,  solicited  the  leading  geologists  present  to  support  him  in 
establishing  a  Society  for  the  publication  of  undescribed  British 
fossils.  Buckland,  De  la  Beche,  Fitton,  and  others  who  were 
present,  gave  him  their  names,  and  thus  originated  the  Palaeonto- 
graphical  Society. ' 

In  1840  Bowerbank  published  a  separate  work,  entitled:  "On 
the  Fossil  Fruits  of  the  London  Clay,"  still  the  only  publication  in 
which  these  interesting  remains  have  been  described  and  figured. 

In  1842  Dr.  Bowerbank  was  elected  a  Fellow  of  the  Royal 
Society.  He  contributed  upwards  of  thirty  papers  to  the  various 
learned  Societies,  to  the  Annals  Nat.  Hist,  and  the  Microscopical 
Journal.  His  scientific  collections^  were  most  extensive,  comprising 
fossils  from  every  geological  horizon,  many  of  which  are  figured 
in  the  viirious  Monographs  of  the  Pala?ontographical  Society. 

Yrom  1844  to  1864  Dr.  Bowerbank  was  in  the  habit  of  receiving 
once  a  week,  at  his  residence  in  Park  Street,  and  afterwards  at  High - 
buiy  Grove.  On  these  occasions  every  youthful  geological  student 
found  in  him  a  willing  instructor  and  a  sincere  and  kind  friend. 
The  treasures  of  his  Museum,  the  use  of  his  microscopes,  and  his 
personal  assistance,  were  at  the  disi)osal  of  everj'  one. 

Since  bis  retirement  to  St.  Leonard's,  Dr.  Bowerbank  rarely 
visited  liondon ;  only  a  few  of  his  scientific  friends  have  therefore 
been  able  to  keep  up  a  personal  intercourse  with  him.  Mr.  Dinkel 
writes,  *'  Fur  the  last  six  or  nine  months  I  have  been  with  him 
daily,  but  there  is  little  to  mention  save  his  fervent  desire  to  finish 
his  great  work  on  Sponges.  He  employed  almost  all  his  time  upon 
it,  and  begged  me  to  remain  till  all  the  plates  were  executed.  We 
reached  the  last  platCy  and  when  half  of  it  was  drawn,  he  liecame 
sadly  deinessed.  and  so  weak  that  the  finishing  was  postponed  from 
day  to  day  till  his  death.  There  will  be  no  difficulty,  however,  in 
completing  the  work.'* 

»  Soo  Oeol.  Mao.  1875,  p.  671. 

2  Extrnct  c^  letter  from  Trof.  Prestwich,  F.R.S. 

3  It  will  be  interesting  to  our  readers  to  leani  that,  in  1864,  Dr.  Bowerbank's 
rongnificent  collection  was  purchased  for  the  British  Museum,  and  now  forms  part 

of  our  yatioual  treasures. 
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I. — A  Visit  to  thk  Volcano  of  Oshima. 

By  Professor  JoHir  Milne,  F.O.S., 
Imperial  College  of  Engineering,  Kogakorio,  Tokei,  Japan. 

LOOKINO  at  a  map  of  Asia,  or,  still  better,  at  a  map  of  Japan, 
there  will  be  seen  a  string  of  islands  stretching  from  near  the 
ntrance  of  the  Bay  of  Yeddo  in  a  more  or  less  southerly  direction 
owards  the  Bonins.  It  is  very  probable  that  all  these  islands  are 
f  Yolcanio  origin.  With  the  exception  of  one  or  two  of  them, 
^hich  within  the  last  few  years  have  given  oflf  a  few  curling  wreaths 
f  Bteam,  they  might  strictly  be  defined  as  being  dormant,  having 
iven  vent  neither  to  fire  nor  smoke  within  the  history  of  their 
ihabitants.  In  this  respect  they  are  similar  to  many  of  the  volcanic 
)neB  in  Japan,  with  which  they  are  also  probably  coincident  in  age. 
.  short  time  ago,  however,  during  the  first  week  in  January,  a  great 
lange  was  observed  in  the  most  northern  of  these  islands,  which  is 
died  Oshima.  Ships  coming  into  Yokohama  brought  news  that 
le  island  was  on  fire.  One  captain  reported  that  flames  200  feet 
1  height  were  seen.  Although  Oshima  was  an  island  which  three 
^ars  previously  had  been  giving  out  clouds  of  smoke,  and  seven 
jars  before  that  had  been  fiwstually  in  eruption,  it  was  thought  by 
any  that  the  conflagration  was  due  to  the  burning  of  grass  or 
ood,  and  it  was  not  till  some  days  had  passed  that  the  true  state 
■  affairs  became  fully  recognized. 

After  some  trouble,  a  party  was  organized  and  a  steamer  engaged 

visit  the  scene  of  the  eruption.  We  left  Yokohama  on  the  after- 
X)n  of  the  19th  January,  and  in  the  evening  reached  Eanasaki,  a 
Ilage  situated  at  the  extremity  of  the  peninsula  upon -the  south  side 

Yeddo  Bay.  After  staying  here  a  few  hours,  we  continued  our 
•urse,  and  reached  the  island  shortly  after  daybreak  on  the  folio w- 
g  morning.  During  the  night  there  was  an  uninterrupted  view  of 
le  volcano,  from  the  summit  of  which  huge  clouds  of  steam,  lighted 
)  with  the  glow  from  the  crater  beneath,  could  be  distinctly  seen. 

was  a  veritable  **  pillar  of  fire." 

The  island,  which  is  about  eight  miles  long,  and  very  mountainous, 
IS  only  one  harbour,  and  this  is  useless  but  for  vessels  of  small 
ze.  It  is  called  Habu,  and  is  situated  near  the  S.E.  comer  of  the 
land.  It  is  entered  by  a  narrow  gap  in  cliffs  of  stratified  and  con- 
>rted  agglomerate.     This  entrance  is  shallow,  but  the  harbour  itself 
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\A    iix>ut  tifteen  metres  or  more  in  depth,  and  is  snrronnded  by 
:i^4K*tvutly  almost   perpendicular  elilTs  of  stratified  trachytic  and 
lu'occiiiteil  rocks.     It  is  in  fact  the  crater  of  an  old  volcano,  and  is 
^tiitcnl  by  the  people  of  the  island  to  have  been  first  occupied  by  tbe 
%cii  nhowt  100  years  ago.     About  two  weeks  previous  to  this  time  I 
hail  l>een  travelling  round  the  province  of  Idzu,  which  is  the  nearest 
luuinland  to  this  island.     Whilst  there,  I  and  my  companion  made 
several  unsuccessful  attempts  to  cross  the  ten  or  fourteen  miles  of 
water  which  separated  us  from  this  then  inactive  volcano.    Japanese 
boatmen  and  junk-owners,  however,  thinking  the  weather  too  un- 
i^irtain,  we  had  to  content  ourselves  with  remaining  on  the  mainland, 
and  sketching  the  island  from  a  distance.     Both  it  and  its  southern 
neighbours  showed  many  peaks,  which,  from  their  similarity  to  those 
in  Japan,  might  be  considered  without  much  risk  of  error  as  being 
of  volcanic  origin.    One  thing  which  then  particularly  struck  us  was 
their  barren  appearance.     In  this  I  now  found  that  we  had  been 
considerably  mistaken,  and  that,  at  least  at  Oshima,  there  was  a 
considerable  amount  of  vegetation.     All  the  sides  of  the  harbour  in 
which  we  lay  were  thickly  covered  with  underwood  and  snuill  trees, 
whilst  in  many  places  near  the  shore,  some  fair-sized  pines  rose  to  a 
considerable  height. 

Excepting  birds,  the  Fauna  of  the  island  is  represented  by  rats, 
mice,  weasels,  and  snakes.  At  one  time  there  was  a  large  wild 
animal  like  a  goat,  but  this  has  been  exterminated  by  the  Japanese 
natives.  Foxes,  and  many  other  animals,  which  are  so  abundant  on 
the  mainland,  do  not  exist.  Frogs  are  also  conspicuous  by  their 
absence,  but  this  is  probably  owing  to  there  being  a  scarcity  of 
water  on  the  island.  In  whatever  way,  however,  this  island  may 
have  been  colonized  since  the  time  of  its  formation,  both  the  Fauna 
and  Flora  are  sufficiently  largo  to  guarantee  the  assumption  that  it 
is  of  a  considerable  age,  which,  as  I  have  before  stated,  is  probably 
that  of  the  volcanic  cones  which  so  thickly  cover  the  mainland. 

From  the  people  on  shore  we  learnt  that  the  eruption  had  com- 
menced on  the  4:th  of  the  month,  and  therefore  it  had  been  sixteen 
days  in  action.  The  only  notice  that  they  had  of  its  outburst  was  a 
loud  explosion,  which  was  described  as  having  produced  a  slight 
vibration.  This  appears  to  have  been  all  that  was  felt  of  the  nature 
of  an  earthquake,  and  so  far  as  the  inhabitants  of  the  island  were 
concerned,  all  was  going  on  quietly.  They  told  us  that  cinders 
were  being  thrown  out  of  the  crater,  and  that  seven  years  previously, 
as  I  have  before  stated,  there  had  been  a  similar  eruption,  which, 
however,  only  lasted  two  days.  Twenty  years  before  that  they 
said  it  was  always  in  eruption.  Information,  however,  was  difficult 
to  obtain,  and  uncertain  in  its  character.  None  of  the  inhabitants, 
although  not  more  than  four  miles  distant,  had  visited  the  crater, 
and,  as  we  shortly  afterwards  found  out,  did  not  appear  even  to 
know  the  way  to  it. 

Securing  the  assistance  of  six  men,  we  set  out  by  a  zigzag  road 
towards  the  top  of  the  old  crater,  in  which  the  village  is  situated  and 
l^^e  our  vessel  was  lying  at  anchor.     The  sides  of  this  crater  had, 
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near  the  place  where  we  ascended,  an  inclination  of  from  40°  to  50°. 
We  were  soon  amongst  a  network  of  small  lanes  and  footpaths 
overshadowed  with  bamboo,  alder,  and  other  trees.     Once  or  twice 
oor  path  led  up  to  a  small  water-coarse,  the  black  ashes  forming  its 
bed  becoming  coarser  and  coarser  as  we  ascended.    Next  we  were 
ascending  the  course  of  an  old  lava-stream  over  black  trachytic 
boulders.   Then  again  we  were  in  steep  gullies  and  narrow  lanes,  the 
sides  of  which  were  made  up  of  stratified  beds  of  ashes,  all  dipping  at 
various  angles  down  towards  the  sea.     Once  or  twice  we  reached  a 
small  open  space,  and  obtained  a  view  of  the  bare  peaks  towards 
which  we  were  travelling.    Whilst  resting  on  one  of  these,  we  could 
distinctly  hear  a  series  of  explosions,  which  sounded  like  the  sudden 
escape  of  large  quantities  of  steam,  and  we  saw  clouds  of  vapour 
rising  from  behind  the  nearest  summit.     After  struggling  along  for 
nearly  two  hours,  we  found  that  the  men  we  had  engaged  as  guides 
did  not  know  the  road,  and  were  leading  us  round  the  island  rather 
than  up  towards  the  crater.   Meeting  with  a  lava-stream  of  tolerably 
large  dimensions,  which  was  filling  the  bed  of  a  gully,  I  struck  up 
along  its  course,  expecting  that  it  would  lead  to  some  crater  or  other 
on  higher  ground.     At  several  points  along  its  course  we  met  with 
obstacles  where  the  lava  when  molten  had  made  a  precipitous  descent, 
like  frozen  waterfalls,  which  involved  some  tedious  climbing  and 
scrambling  through  the  bushes,  which  thickly  covered  the  almost 
perpendicular  walls  of  the  ravine  on  either  side.     The  rock  of  this 
stream  was  trachytic,  of  a  very  dark  colour,  and  extremely  vesicular. 
I  may  here  remark  that  most  of  the  lavas  in  Japan  appear  to  be 
trachytic     The  general  direction  of  the  vesicles  in  the  lava  was 
that  of  the  stream  ;   but  there  were  so  many  exceptions  to  this, 
owing  to  irregularities  and  obstacles  in  its  course,  that  they  could 
not  be  taken,  unless  seen  as  a  whole,  as  indicating  the  original  direc- 
tion of  the  fluid  matter.     When  lava  flows  over  an  even  course, 
such  deductions  might  possibly  be  made,  even  if  the  stream  were 
only  examined  at  one  point  along  its  course.     In  some  places  along 
the  stream  my  companions  observed  the  charred  trunks  of  several 
trees  which  had  probably  been  overwhelmed  during  its  flow.     That 
these  trees  still  remained  seemed  to  indicate  that  this  stream  must 
have  been  of  recent  origin.    After  about  an  hour's  climbing,  we  were 
above  the  line  of  vegetation,  and  instead  of  trees  and  bushes  being 
on  either  side  of  us,  we  now  had  hills  of  ashes.     On  one  of  them 
my  friend  Dr.  Naumann  met  with  beds  of  tufa,  in  which  were  im- 
pressions of  plants,  which,  from  some  attached  rootlets,  appeared  to 
have  been  buried  where  they  grew.     From  the  position  of  these 
beds  and  their  contents  it  was  evident  that  vegetation  once  extended 
much  higher  up  the  sides  of  the  mountain  than  it  does  at  present, 
and  that  it  was  probably  destroyed  by  a  volcanic  outburst. 

We  now  directed  our  course  towards  the  highest  peak  before  us 
(marked  A  in  section),  at  the  back  of  which  we  hoped  to  see  some- 
thing of  the  eruption.  After  a  tough  scramble  through  black, 
scoriaceous  ashes,  we  reached  the  top,  where  we  soon  saw  tl\?ict  'v^ 
had  much  further  to  traveJ.     We  had  in  fact  reached  lYi^  rvm  oi  ^xi 
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eld  crater  f6>,  wttow  ndes  st  tbis  point  descended  perpendicularly 
1  should  tfainiL  *t  least  400  fert.  Walking  along  this  rim,  which  wu 
ooTered  with  largv  weftlher-wom  whitish  bonlden,  which  looked  not 
luilike  Tii«t«»rt»l  whic^  had  b«en  torn  from  the  perpendicnlar  facH 
Ifclow  ns,  we  fomid  «  slope  of  ashes,  down  which  we  deaoended  into 
tht  bed  of  the  old  crater.    On  looking  at  the  face  of  the  perpendicular 
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Approiinute  tection  of  the  upper  portion  of  QshiiiuL 

8— A,  Outer  ilope  of  old  erater-wall.  (prehiBloric  ?) 

B.  Floor  of  old  crater,  partly  fill^  by  Ulei  ernptiani. 

B  -C.  F— N,  Uoter  alopea  of  modem  cnter-walli. 

C,D,P,  Rim  of  modeni  enter. 

E,  New  loleuiic  cone  formed  bj  present  eraption,  Janaaijr,  1377. 
cliffs  from  the  top  of  which  we  had  just  descended,  we  saw  they  con' 
sisted  of  insularly  broken  and  contorted  bands  of  a  whitish  rock 
like  trachyte,  more  or  less  parallel.  They  were  capped  with  beds  of 
asliea.  In  these  ashes,  as  in  the  most  aooriaceous  portions  of  the 
lava,  crystals  of  a  glassy  felspar  were  ^ery  abundant.  In  the  more 
cimpact  lava  they  wore  absent,  that  is,  to  the  naked  eye.  Tlio 
rim  of  this  old  crater,  altlioitgt)  a  serious  obstacle  on  the  side  of  our 
aweni,  is  not  continuous  round  the  mountain,  and  is  only  to  be  seen 
on  tiie  south  and  south- western  side. 

After  collecting  a  few  specimens  of  rock  from  a  black-looking 
moss  which  was  pi-oljably  Ihe  throat  of  ao  old  vent,  we  jiro- 
cepileil  forwards  to  make  the  ascent  of  another  cone  of  ashes  (B  C), 
which,  from  its  position,  was  eviiiently  that  which  remained  of  the 
eruplion  sTicceeiiing  the  one  which  formed  the  crater  wo  were  then 
leaving.  The  e.\]ilosii)na  we  had  heard  when  at  a  greater  distance 
were  now  more  niuIiLle,  and  occurred  rapidly  in  succession.  As  we 
neared  the  top  (C),  which  was  alioiit  800  feet  above  the  plain  from 
which  we  started,  the  noise,  which  was  like  that  of  immense  jets 
of  steam,  was  sometimes  accompanied  with  a  tremulous  motion  of 
the  ground.  It  was  not  long  before  we  reached  the  rim  of  the  second 
crater  (C),  whicli  wo  did  to  l>ehold  a  sight  defying  my  powers  of 
description.  Instead  of  looking  up  at  n  crater,  we  were  looking 
down  at  one.  Standing  on  tlie  rim  of  crater  C,  before  ua  there 
was  a  short  descent  of  loose,  black  ashea,  somewhat  eteejier  than 
that  np  which  we  had  climbed,  terminating  siiddenty  in  perpendicular 
cliffx,  which  formed  an  am  phi  theatre  of  nicks  about  half  a  mile  in 
brcadLh,  the  walls  of  which,  upon  the  opposite  side,  were  about  300 
feet  in  height.  At  the  bottom  of  this  pit,  on  the  side  nearer  to  us, 
a  small  cone,  with  au  orifice  of  alwiut  50  feet,  in  diameter,  was  belch- 
ing masses  of  molten  lava  to  a  height  more  than  double  that  at 
^jfii/cA  we  were  stumiing. 
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The  explosions,  which  varied  in  intensity,  ocourred  abont  every 
2  seoonds,  bat  sometimes  there  was  a  pause  for  15  or  20  seconds. 
At  the  time  a  strong  wind  was  blowing  at  our  backs,  which  kept 
any  of  the  lighter  lapilli  from  driving  in  our  direction.  Cloming,  as 
we  did,  so  suddenly  upon  the  precipice-like  edge  of  a  huge  black 
cauldron,  roaring,  shaking  the  ground,  and  ejecting  a  dense  column 
of  red-hot  stones  and  ashes,  the  wild  and  dismal  aspect  of  which  was 
heightened  by  dark  clouds,  driving  rain,  and  a  heavy  mist,  produced 
at  first  a  feeling  of  timidity,  which  was  so  strongly  shown  by  our 
six  so-called  guides  that  it  was  with  difficulty  they  were  prevented 
from  taking  to  precipitate  flight 

The  cone  at  the  bottom  of  the  cauldron  before  us,  together  with 
a  large  quantity  of  lapilli  and*  bombs  scattered  over  the  ground  on 
which  we  stood,  were  the  result  of  16  days'  activity.  Three  years 
ago,  in  the  place  where  this  new  cone  now  stands,  there  was  a  deep 
hole,  from  which  steam  was  issuing. 

The  great  interest  in  this  eruption  lay  in  the  fact  that  we  were 
able,  on  account  of  our  position,  to  look  down  into  the  crater. 
In  the  intervals  between  the  ejections  the  interior  could  be  well 
seen,  and  it  was  observable  that  the  sides  had  a  slope  of  very  nearly 
the  same  inclination  as  the  exterior.  Now  and  then  large  masses  of 
these  interior  sides,  which  were  black,  would  slide  down  towards 
the  throat  of  the  crater,  and  reveal  a  red-hot  interior,  showing  that 
the  oone  itself  was  probably  internally  red  hot  throughout.  One 
side  of  the  cone  had  been  blown  away,  leaving  a  breach,  almost 
level  with  the  plane  from  which  it  rose.  This  opening  greatly 
facilitated  our  observations.  Looking  down  into  the  crater  on  this 
side,  molten  lava,  approximately  level  with  the  base  of  the  cone,  could 
be  seen.  At  each  explosion  it  rose  in  waves,  and  swayed  about 
heavily  like  a  huge  basin  of  mercury,  a  little  of  it  being  apparently 
pushed  forward  through  the  breach  to  add  to  a  small  black-looking 
stream  upon  the  outside.  The  explosions,  which  I  have  referred  to 
several  times  as  resembling  outbursts  of  steam,  might  be  compared 
to  the  escape  of  steam  from  a  slowly-working  non-condensing  steam 
engine  greatly  magnified. 

On  listening  attentively,  a  rattling  could  sometimes  be  heard, 
reminding  one  of  stones  and  pebbles  on  a  beach  driven  forwards 
and  drawn  bcuskwards  by  the  advancing  alid  retreating  surge. 
This  I  think  could  hardly  be  due  to  the  churning  of  stones  in 
the  mouth  of  the  crater,  which  was  not  only  short,  but  it  expanded 
upwards,  forming  a  funnel-shaped  opening.  Nor  was  it  in  the 
throat  of  the  crater ;  for,  so  far  as  I  could  see,  that  was  filled  with 
molten  matter.  It  is,  however,  difficult  to  imagine  it  to  be  due  to 
the  contact  of  particles  brought  about  outside  the  crater,  which  is 
the  only  place  remaining  to  which  the  origin  of  the  sound  can  be 
attributed. 

Each  explosion,  as  I  have  said,  produced  a  fountain-like  column  of 
red-hot  ashes  and  volcanic  bombs.  The  height  to  which  they  some- 
times rose  must  have  been  nearly  1000  feet.  Many  of  them 
appeared  to  be  of  a  feathery  lightness.    As  they  TO&e>  t\ie\t  ^^Yv^SV) 
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beome  gnAmllf  kv  and  leH,  vntil  Hmj  aeeoMd  to  psiue  and  fio( 
in  mid-fdr,  bafon  tuniing  to  deaocna,  whidi  they  did  with  a 
•ogmmting  ipeed.  The  laige  manes  <nilj  rose  to  a  oomparatiTe 
small  heigfat  Ha^  of  the  pieces  £ell  apon  the  sidea  of  tbe  exteri 
of  the  cone  from  which  they  had  been  shoi^  where  they  at  od 
creatod  a  small  olond  of  stesm,  and  rolled  a  short  diatanoe  down 
side  to  finm  a  natoral  dope.  As  the  material,  which  approximate 
fell  ^ertioally,  ineressed  in  qasntitj,  the  angle  of  this  slope  woi 
natorally  inoreaae  op  to  a  oertain  points  beoaoaey  where  the  slope 
short,  any  material  that  might  fiJl  npon  its  side  has  sufficv 
momentum  to  roll  to  the  base;  bnt  aa  the  length  of  the  sh 
inrroasss,  an  element  of  friction  ia  brought  to  play,  whioh  preve 
snob  action  taking  phoe.  The  direotion  in  which  the  material  ^ 
shot  np  was  generally  vertical,  bat  sometimes  it  had  a  little  incli 
tion  in  a  direction  opposito  to  that  in  which  we  were  standi 
Should  the  ejectiona  from  a  volcano  not  be  in  an  approximat 
vertical  line,  or  dming  the  time'  of  its  action  winda  dioald  b) 
in  one  direotion  more  than  another,  we  might  reasonably  expect 
resolting  oone^  which  would  be  formed  by  the  falling  material 
have  a  less  steep  inolination  upon  the  side  where  the  greai 
quantity  of  material  had  accumulated.  Such  actions  may  peril 
give  some  explanation  to  the  alight  differences  in  slope  which  are 
often  to  be  observed  in  recent  conically-shaped  volcanic  mounta: 
This  is  of  course  presuming  that  the  form  of  the  mountain  has 
been  materially  altered  by  subsequent  denudation.  Many  of 
larger  pieces  often  appeared  to  separate  when  in  mid-air.  This  I 
not  think  was  due  to  any  explosion  which  took  place  within  thi 
but  rather  periiaps  to  some  such  cause  as  a  sudden  cooling. 

Looking  at  some  of  these  bombs,  whioh  had  fallen  on  the  le 
where  I  was  standing,  they  appeared  to  have  done  so  whilst  still 
a  pasty  oondition,  because  some  of  them  showed  a  decided  f 
tening,  as  if  produced  by  impact  Botli  the  bombs  and  lapilli  wer< 
a  black  colour,  and  pamiceous  texture.  Although  I  believe  each 
these  explosions  to  have  been  the  result  of  a  sudden  bursting 
steam  through  the  molten  lava,  I  did  not  see  any  aqueous  vap 
whioh  I  could  recognize  as  having  been  evolved  whilst  I  was  stand 
near  the  crater.  This  may  have  been  perhaps  due  to  the  inte 
heat  keeping  the  vapour  in  an  invisible  state  until  it  became  hid* 
in  the  fog  and  murky  atmosphere  which  enveloped  us. 

Notwithstanding  a  strong  ice-cold  breeze  blowing  in  the  direct 
of  the  eruption,  which  was  about  150  yards  distant  from  us, 
effect  of  radiation  was  distinctly  felt,  especially  when  the  ejec 
column  of  ashes  was  large. 

Independently  of  variations,  produced  by  unusually  large  e 
tions,  two  thermometers  in  boxes  were  each  raised  3°  G.  so  1od§ 
we  remained  in  this  position.  This  warmth  was  all  that  m 
our  position  bearable,  as  otherwise  it  was  bitterly  cold,  witl 
sleety  rain  pouring  down,  and  we  were  all  wet  through.  O 
or  twice  a  little  fine  ash  fell  upon  us,  and  a  slightly  sulphure 
amell  could  be  detected.    Tlie  journey  down  the  mountain  y 
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aooomplished  in  about  two  hours,  which  was  half  the  time  it  bad 
taken  us  to  ascend. 

From  the  inhabitants  we  learnt  that  the  mountain  is  regarded  as 
being  holy,  and  that  at  certain  seasons  they  make  solitaiy  pilgrim* 
ages  to  its  summit.  We,  however,  had  been  the  first  to  see  the 
eruption. 

Earthquakes,  although  so  common  on  the  mainland,  are  said  not 
to  occur  here ;  and  the  only  shocks  that  have  been  felt  are  those 
which  were  produced  at  the  time  of  the  breaking  out  of  the  volcano. 
This  statement  appeared  to  find  some  confirmation  in  the  fact  of  a 
strong  earthquake  having  occurred  in  Yokohama  and  Yeddo  at  the 
time  of  our  making  our  inquines,  without  being  perceived  by  us. 
Several  other  localities  in  Japan  are  reported  as  being  free  from 
such  annoyances ;  but  how  far  these  statements  may  be  relied  on 
needs  investigation.  Some  of  these  districts  are  in  the  neighbour^ 
hood  of  recently  active  volcanos.  If  it  is  admitted  that  in  the 
immediate  vicinity  of  certain  active  volcanos,  earthquakes  are  un- 
known, whilst  in  the  surrounding  distiicts  they  are  strongly  felt, 
the  idea  would  at  once  suggest  itself  that  round  these  particular 
volcanos,  conditions  exist  which  ward  off  the  advance  of  any  seismic 
wave.  Thus,  for  example,  a  lake  of  lava  beneath  the  unaffected 
area  might  accept  a  wave,  but,  for  want  of  proper  contact  vdth  the 
the  rocks  above,  would  be  unable  to  transmit  its  effect  in  their 
direction.  Owing  to  the  state  of  the  weather,  and  the  short  time  we 
remained  upon  the  island,  conditions  were  verj*  unfavourable  for 
making  accurate  observati>>n8. 

Next  morning  we  set  sail  for  home,  a  distance  which  in  coming 
had  been  traversed  in  only  six  hours ;  but  in  returning,  through  the 
roughness  of  both  wind  and  water,  occupied  two  days. 


11. — What  is  a  Brachiopod? 
By  Thomas  Davidson,  F.R.S.,  F.G.S.,  V.P.P.S. 

PART  II. 

(PLATES  IX.  AND  X.) 

(Continued from  the  April  Xumbefj  p.  165.) 

Mu^eles. — As  the  number  and  position  of  these  organs  differ 
materially  in  the  two  great  divisions  into  which  the  Brachiopoda 
have  been  separated,  and  to  some  extent,  also,  in  the  different  genera 
of  which  each  division  is  composed,  it  may  be  desirable  to  treat  this 
subject  under  two  different  heads.^ 

In  the  CUslentercUa,  of  which  the  genus  Terebrattda  may  be  taken 
as  an  example,  five  or  six  pairs  of  muscles  are  stated  by  Hancock, 
Gratiolet,  and  others  to  be  connected  with  the  opening  and  closing 
of  the  valves,  or  with  their  attachment  to,  or  movements  upon  the 
peduncle.  First  of  all,  the  adductors  or  occlusors  consist  of  two 
muscles,  which,  bifurcating  near  the  centre  of  the  shell  cavity,  pro- 

*  Unfortunately  almost  every  anatomist  who  has  written  on  the  muscles  of  the 
Brachiopoda  has  proposed  different  names  for  each  muscle ;  hence  much  confusion 
has  arisen  which  can  out  he  regretted. 
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duce  a  large  quadruple  impression  on  the  internal  surface  of  the 
small  valve,  and  a  single  divided  one  towards  the  centre  of  the  large 
or  ventral  valve.  The  function  of  this  pair  of  muscles  is  the  dosing 
of  the  valves.  Oratiolet,  who  has  likewise  described  with  great 
minuteness  the  muscles  of  the  Brachiopoda,  informs  U8  that  those 
which  close  and  open  the  valves  were  the  only  ones  known  to  Pallas, 
but  that  he  clearly  defined  their  positions  and  functions.  The  same 
was  done  by  Blainville  and  Quenstedt,  but  the  absence  of  good 
figures  caused  much  uncertainty  to  prevail.  This  deficiency  was 
subsequently  supplied  by  Hancock's  and  Gratiolet's  admirable  illus- 
trations.^ Two  other  pairs  have  been  termed  divaricators  by  Hancock 
or  cardinal  muscles  (=  muscles  diducteurs  of  Gratiolet),  and  have 
for  function  the  opening  of  the  valves.  The  divaricators  proper  are 
stated  by  Hancock  to  arise  from  the  ventral  valve,  one  on  each  side, 
a  little  in  advance  of,  and  close  to  the  adductors,  and,  after  rapidly 
diminisluDg  in  size,  become  attached  to  the  cardinal  process,  a  space 
or  prominence  between  the  sockets  in  the  dorsal  valve.  The  accessory 
divaricators  are,  according  to  the  same  authority,  a  pair  of  small 
muscles  which  have  their  ends  attached  to  the  ventral  valve,  one  ou 
each  side  of  the  median  line,  a  little  behind  the  united  basis  of  the 
adductors  and  again  to  the  extreme  point  of  the  cardinal  process. 
Two  pairs  of  muscles,  apparently  connected  with  the  peduncle  and 
its  limited  movements,  have  been  minutely  described  by  Hancock  as 
having  one  of  their  extremities  attached  to  this  organ.  The  dorsal 
adjuslors  are  attached  to  the  ventral  surface  of  the  peduncle,  and  are 
a^ain  inserted  into  the  hinge-plate  in  the  smaller  valve.  The  veiUral 
adjnsiors  are  considered  to  pass  from  the  inner  extremity  of  the 
peduncle,  and  to  become  attiujhed  by  one  pair  of  their  extremities 
to  the  ventral  valve,  one  on  each  side  of,  and  a  little  behind,  the 
expanded  base  of  the  divaricators.  The  function  of  these  muscles, 
according  to  the  same  authority,  is  not  only  that  of  erecting  the 
shell,  but  also  that  of  attaching  the  peduncle  to  the  shell,  and  thus 
to  effect  the  steadying  of  it  upon  the  |)eduncle. 

Gratiolet  describes  the  peduncle  with  great  care,  and  states  that  it 
is  composed  of  two  portions : — 1.  A  horny  sheath  formed  of  con- 
centric epidermic  layers,  very  analogous  to  that  which  Prof.  Vogt 
described  in  L'uujula.  2.  A  fibrous  stem  enveloped  by  the  sheaih. 
This  stem,  formed  of  tendinous  fibres,  is  fixed  by  its  free  extremity 
to  different  marine  objects ;  the  other  end  passes  through  the  foramen 
into  the  shell,  and  ends  in  a  bulbous-shaped  extremity. 

Such  is  the  general  arrangement  of  the  shell  muscles  in  the  division 
composing  tlio  articulate  Brachiopoda,  making  allowance  for  certain 
unimportant  modifications  observable  in  the  shells  composing  the 
difterent  families  and  genera  thereof. 

In  the  Tretenterata.  of  which  Lingnia  may  be  cited  as  an  example, 
the  myology  is  much  more  complicated,  and  anatomists  have  differed 
consideral)ly  in  their  respective  views  concerning  the  function  of 
some  of  the  muscles.  They  have  been  described  by  Vogt,  Hancock, 
Gratiolet,  and  others,  and   more  recently  by  King,  whose  views  I 

^  Journal  dc  Couc\i^'Uologvc,  Octobte,  18o7. 
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shall  adopt,  as  they  seem  to  cany  with  them  a  greater  degree  of 
plausibility^  (PL  X.  Figs.  1,  2).  Of  the  shell  or  valvular  muscles  he 
makes  out  five  pairs  and  an  odd  one,  and  individualises  their 
respective  functions  as  follows.  Three  pairs  are  laterals^  having 
their  members  limited  to  the  sides  of  the  shell:  one  pair  are 
tranimedians,  each  member  passing  across  the  middle  to  the 
reverse  side  of  the  shell :  while  the  odd  muscle  occupies  the  um« 
bonal  cavity.  Hie  central  and  umbonal  muscles  effect  the  direct 
opening  and  closing  of  the  shell ;  the  laterals  enable  the  valves  to 
move  forward  and  backward  on  each  other :  and  the  transmedians 
allow  the  similar  extremities  (the  rostral)  of  the  valves  to  turn  from 
each  other,  to  the  right  or  the  left,  on  an  axis  subcentrically  situated, 
that  is,  in  the  medio-transverse  region  of  the  dorsal  valve.  It  was 
long  a  matter  in  discussion  whether  the  animal  could  displace  its 
valves  sideways  when  about  to  open  its  shell ;  but  this  point  has 
been  set  at  rest  by  Professors  Semper  and  Morse,  who  observed  the 
animal  perform  the  operation.  They  mention  that  it  is  never  done 
suddenly,  or  by  jerks :  as  the  valves  are  at  first  always  pushed  to 
one  side  several  times,  and  back  again  on  each  other,  at  the  same 
time  opening  gradually  in  the  transverse  direction,  till  they  rest 
opposite  to  one  another  and  widely  apart.  Those  who  had  not  seen 
the  animal  in  life,  or  who  did  not  believe  in  the  possibility  of  the 
valves  crossing  each  other  with  a  slight  obliquity,  would  not  consent 
to  appropriating  any  of  its  muscles  to  that  purpose,  and  consequently 
attributed  to  all  the  lateral  muscles  the  simple  function  of  keeping 
the  valves  in  an  opposite  position,  or  holding  them  adjusted.  We 
have  not  only  the  observations  of  Semper  and  Morse,  but  the  anato- 
mical investigations  of  King  to  confirm  the  sliding  action  or  lateral 
divarication  of  the  valves  of  Lingula. 

In  the  Cliatenterata,  where  no  such  sliding  action  of  the  valves  was 
necessary,  or  possible,  no  muscles  for  such  an  object  were  required  : 
consequently  none  took  rise  from  the  lateral  portions  of  the  valves,  as 
in  Lingula.  In  an  extinct  group,  however,  the  Trimerellidaf  which 
seems  to  be  somewhat  intermediate  in  character  between  the  Treten- 
terata  and  Clistenterata,  certain  scars  have  been  found  which  appear 
to  have  been  produced  by  rudimentary  lateral  muscles;  but  it  is 
doubtful  (considering  the  shells  are  furnished  with  teeth,  though  but 
rudely  developed)  that  such  muscles  enabled  the  valves,  as  in  Lin- 
gula, to  move  forward  and  backwards  upon  each  other.  There  are 
muscles  connected  with  other  portions  of  the  animal,  such  as  the 
parietal  so  strongly  defined  in  the  Tretenterata,  and  distinctive  pecu- 
liarities of  the  peduncle,  etc.;  but  the  limited  space  at  my  disposal 
will  not  admit  of  more  than  a  passing  allusion  to  them.' 

Ranges  of  Depth, — All  Brachiopoda  are  inhabitants  of  the  sea.  A 
vast  amount  of  important  and  accurate  information  has  been  collected 
during  the  past  ten  years  with  respect  to  the  geographical  distri- 

*  Ein^,  Annals  and  Mag.  of  Nat.  Hist.,  4th  series,  toI.  xii.,  1873. 
'  Davidson  and  King,  on  the  Trimereilida,  Quarterly  Journal  of  the  Geological 
Society,  1874,  yoI.  xxx.  p.  124. 
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batioa  of  the  reotnt  tpeoiety  m  wall  m  to  the  nuaina  depAa  fti^ 
inhabit  or  prefer.^ 

This  important  knowledge  ia  mainly  due  to  the  nnmerooa  welt 
oonduoted  and  equipped  dredging  ezpeditiona  oarried  on  bj  prinki 
individoala,  and  oj  the  Qovexnmenta  of  the  leading  maritime  State 
.  Previous  to  theae  inveatigationathe  data  we  poaaeaaed  withreipeol 
to  the  habitat,  and  rangea  of  depth  were,  in  moat  oaaoa,  Tagoe  and 
nnsadsfaotory.  It  has  idso  been  aaoertained  that  the  Brafihiopodaara 
mnoh  looaliaed»and  naoally  ooonr  in  great  nombera  in  their  &T0iixite 
haunts. 

We  oan  know  nothing  with  certainly  in  reapeot  to  tihe  ranges  of 
depth  at  which  the  extinct  species  lived;  but  some  idea  as  to  tfaair 
probable  depths  can  be  snrmised  from  a  study  of  recent  forma. 

As  far  as  onr  present  infoihnation  will  carry  na,  the  Hreimiieraia 

iLmgula,  etc.)  do  not  appear  to  have  been  fomd  at  a  gvsater  depth 
ban  from  1866  to  2000  fathoma. 

Lingfda  abounds  in  particular  haunts,  and  Uvea  at  abont  half  tide- 
mark,  and  purtly  buried  in  mud :  or  at  depths  varying  from  three  or 
four  inches  from  the  surface  of  the  sea  to  seventeen  fiithoms.  Prof. 
Morse  describes  a  species. which  he  found  in  vast  numbers  in  a  sand- 
shoal  at  low- water :  the  peduncle,  six  times  the  length  of  the  shell, 
was  partly  encased  in  a  sand  tube  (PL  X.  Fig.  S).  He  observed 
likewise  that  this  species  (Lniguia  piframidaia)  had  the  power  of 
moving  over  the  sano  by  the  sliding  motion  of  the  two  valves,  uaing 
at  tlie  same  time  the  fringes  of  setie,  which  swing  promptly  back  and 
forth  like  a  galley  of  oars,  leaving  a  peculiar  tract  in  the  sand.  In 
the  motion  of  the  setsa  he  noticed  the  impulse  commencing  from 
behind,  and  running  forward. 

Diacina  has  been  found  attached  to  stones  at  low-water  mark,  and 
lias  been  dredged  from  depths  ranging  from  five  to  nearly  2000 
fathoms ;  very  often  clustered  together  in  vast  numbers,  and  adher- 
ing, in  all  stages  of  growth,  by  their  peduncle  to  the  surface  of 
the  shell  of  their  neighbour,  one  above  the  other,  till  they  formed  a 
living  mass  of  considerable  breadth  and  thickness. 

Crania  is  found  in  great  numbers  adhering  to  stones  and  shells  at 
depths  of  from  eighteen  to  530  fathoms.  Lucas  Barrett  informs  us 
that  the  cirri  are  protruded,  but  not  the  brachial  appendages,  beyond 
the  margin  of  the  shell,  and  that  the  valve  opens  by  moving  upon 
the  straight  side  of  the  hinge  without  sliding  the  valve. 

The  genera  and  species  of  CHstenterata  lived  at  depths  ranging 
from  about  half  tido-mark  to  2600  fathoms.  At  that  great  depth, 
between  Kerguelen  Island  and  Melbourne,  the  "  Challenger "  Ex- 
)>edition  brought  up,  among  other  things,  "a  very  elegant  little 
Brachiopod  ;"  another  species  was  dredged  by  the  same  expedition 
three  hundred  miles  east  of  St  Paul's  Bocks,  Atlantic,  at  a  depth  of 
1850  fathoms,  but  the  larger  number  of  species  live  at  depUis  of 
from  five  to  three,  or  four  hundred  fathoms,  usually  attached  by  their 

'  The  reader  is  referred  to  an  important  paper  upon  this  sabject  bv  Prof.  Edward 
Suess,  iiber  die  Wohnsitze  der  Hrachiopodcn  (Ans  dem  xxxtu.  una  mil.  Bande, 
Wien,  1869,  IbCO,  Akudemie  der  Wiucnschaficn  besonden  abgedruckt). 
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pednncle  to  various  marine  objeots,  and  very  often  to  the  enter  snr- 
fiu)e  of  one  another's  valves,  and  even  quite  young  individuals  to  the 
peduncle  of  the  parent  shell,  as  may  be  seen  in  a  number  of  speci- 
mens of  Terehratulina  teptentrionalis  sent  me  from  America  by  Prof. 
Verrill.  I  have  likewise  clusters  of  Terebratella  ruhicunda  from 
Kew  Zealand,  adhering  to  each  other  in  a  similar  manner.  They 
oooar  also  in  great  numbers  attached  by  a  shorter  or  longer  peduncle 
to  coral  reefs,  and  several  minute  species  were  found  by  Dr.  Gwyn 
Jeffreys  fixed  to  sea- weeds.  Krnussina  rubra,  from  t]ie  coast  of  Natal 
in  South  Africa,  was  described  by  Dr.  Gray  as  found  attached  in  vast 
numbers  to  AscMa  and  stems  of  sea- weeds.  We  may  likewise  men- 
tion that  a  small  species  of  Kraussina  has  been  recently  obtained  by 
Mr.  V61ain  (during  the  French  expedition  to  make  observations  re- 
lative to  the  transit  of  Venus)  in  the  interior  of  the  breached  and 
submerged  crater-basin  of  the  Island  of  St.  Paul,  attached,  in  vast 
numbers,  to  rocks  at  low  tide-mark,^  and  I  am  informed  by  Dr. 
Gwyn  Jeffreys  that  TerebratuUna  eaput-aerpeniis  was  found  by  the 
late  Mr.  R.  T.  Loweliviry,  nearly  forty  years  ago,  in  the  living 
state,  attached  to  a  rock  at  low-water  mark,  on  a  part  of  the  Scottish 
onast  where  the  tide  falls  only  a  few  feet  llie  same  species  occurs 
also  at  variable  depths,  having  been  dredged  alive  from  depths 
varying  from  three  to  upwards  of  150  fathoms.  Waldheimia  cranivm 
has  been  obtained  from  depths  varying  from  160  to  228  fathoms. 
Dr.  Gwyn  Jeffreys  does  not  believe  that  the  habitat  of  any  inver- 
tebrate animal  is  affected  by  bathymetrical  conditions.  The  late 
Prof.  J.  Beete  Jukes  collected  any  number  of  Waldheimia  flavescens 
or  australis  while  boating  in  Australia  among  the  reefs ;  they  were 
merely  washed  by  the  tide,  and  he  gathered  them  with  his  hand  like 
limpets  on  the  shore. 

Lucas  Barrett  informs  us  that  this  species,  as  well  as  Terehratulina 
caput-aerpentis,  manifested  a  remarkable  power  and  disposition  to 
move  on  its  peduncle,  and  that  the  cirri  were  almost,  constantly  in 
motion,  and  he  often  observed  them  to  convey  small  particles  to  the 
channel  at  their  base.  Dr.  J.  Gwyn  Jeffreys,  who  has  watched 
Terebratula  alive,  informs  us  that  they  were  incessantly  opening 
and  folding  their  brachial  or  labial  appendages,  and  drawing  and 
sucking  in  by  means  of  the  whirlpool  thus  caused  every  animalcule 
within  their  influence. 

Classification, — Having  briefly  alluded  to  some  of  the  most  im- 
portant characters  of  the  shell  and  animal  of  the  Brachiopod,  it  is 
necessary  to  refer  to  their  classification.  This  matter  will  be  found 
fully  discussed  up  to  the  year  1853  in  the  general  introduction  to 

'  Mr.  Y^lain  informs  me,  that  the  Brachiopods  he  forwarded  to  me  (a  species  of 
Krausaina)  are  found  in  great  abundance  on  the  shore,  in  the  interior  crater  of  the 
island  of  St.  Paul.  During  the  ordinary  low  tides  they  are  scarcely  covered  by  water, 
and  are  alternately  covered  and  left  bare  at  the  ebb  and  flow  of  the  tide,  but  twice 
a  month,  during  toe  high  tides,  they  are  left  completely  dry.  They  occur  only  in  an 
area  of  a  few  yards,  and  consequently  at  a  very  shallow  depth,  doubtless  because 
they  find  there  those  undisturbed  conditions  to  wiiich  they  are  accustomed  in  other 
localities. 
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my  monograph  on  **  Briiuih  FomQ  BndUopoda.**  ^  I  ihm  pobliahfid 
my  views,  whioh  were  sabaeqaeiitly  -very  flanenJly  adopted  both  by 
British  and  foreign  palnontoiogists;  bnt  I  did  not  omit  to  imjneii 
upon  my  reader*  that  we  were  not  then  (neither  ve  we  now)  in  t 
condition  to  prepare  a  complete  or  aatiafaotory  dassiftoation  of  the 
nnmerous  spedes  oompoeing  the  class.  Jn  1868  I  divided  the 
Braohiopoda  into  eight  funilies  comprising  twenly-fiNir  genera  and 
twenty-two  snb-genera ;  but,  during  tne  yean  that  have  dapaed  sinoe 
that  date  to  the  present  time,  about  seventy  more  genera  or  sob- 
genera  have  hem  described.  I  published  a  list  of  them  in  the  Swuat 
Daily  New$  for  the  20th  of  August,  1872,  and  they  will  be  IooimI 
recorded  in  the  table  accompanying  thia  memoir,  where  their  geo- 
logical distribution  in  time  has  been  tabulated,  as  £sr  as  the  preaeat 
state  of  our  information  will  permit.  It  it,  however,  veiy  probaUe 
that  a  certain  numbw  of  the  names  there  recorded  will  have  to  be 
placed  amongst  the  synonyms,  and  it  is  of  the  utmost  importance 
that  genera  should  not  be  founded  on  trifling  modiflcationa,  or  un- 
important details  which  exist  only  in  some  abnormal  forms.  In 
1855,*  I  proposed  certain  modifications  in  the  arrangement  published 
in  1853  by  getting  rid  of  the  sub-families.  Hudi  consideration  on 
my  part  has  been  devoted  to  the  subject;  but  I  feel  that  in  order  to 
place  the  known  genera  and  species  in  their  respective  fomilies,  or 
into  new  ones  that  will  have  to  be  created,  much  more  informa- 
tion must  be  acquired.  The  subject  is  immense  when  one  hsa  to 
grapple  with  between  5000  and  6000  described  species,  varieties  or 
synonyms ;  and  it  must  likewise  be  remembered  that  many  of  the 
extinct  genera  have  as  yet  been  but  imperfectly  elaborated.  The 
material  in  hand  is,  however,  so  great  that  doubtless,  in  time, 
palaeontologists  will  be  able  to  lay  before  the  public  a  complete 
history  of  a  dass,  which,  as  will  be  shortly  shown,  has  played  an 
important  part  in  the  great  life-system  of  our  globe,  from  its  dawn 
to  the  present  time.  It  will  be  necessary,  I  think,  as  has  dready 
been  stated,  to  admit  the  two  great  divisions,  Trelenierata  and  Clitten- 
teratay  into  any  scheme  of  classification,  although  it  is  impossible  to 
say  whether  all  the  extinct  genera  were  provided  witi^  an  and 
aperture,  or  otherwise. 

The  Tketemteuata  would  comprise  the  families  Zdngtdida, 
Dtscinida,  Craniada,  and  perhaps  one  or  two  others. 

The  Clistkntebata  would  include  the  families  TerthrahJida, 
Thecidaday  Spirifetida,  Bhynehonellida,  Pentameridm^  Orthida^ 
Strophomenida,  Frodwiida,  and  perhaps  two  or  three  others  that  will 
have  to  be  characterized.  By  far  the  larger  number  of  described 
genera  and  species  would  find  their  places  in  this  last  great  division 
and  the  above-named  families.  We  will  now,  very  briefly,  notice 
some  of  the  characters  of  the  families  above  indicated. 

^  A  French  revised  translation  of  mv  general  introduction  by  MM.  Desiongchampe, 
father  and  son,  will  be  found  puhlisn^  in  yoI.  x.  of  the  M^moires  de  U  Koci^ttf 
Linntfenne  de  Normandie,  1866. — A  German  translation  by  Prof.  £.  SaoM  and  Count 
Marschall  was  also  published  in  Vienna  in  the  same  jeai,  1866. 
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TaETENTEaATA,  King. 

Family  1.  Lingvlida. — Shells  generally  either  oblong  or  circular, 
irith  a  peduncle,  Bometimes  of  considerable  length,  passing  out 
between  the  valves  or  through  a  narrow  channel  in  the  hinge- 
margin  ;  texture  homy  and  calcareous :  no  calcified  support  for  the 
labial  appendages,  the  fleshy  spiral  coils  directed  upwards.  This 
family  would  comprise  the  following  genera :  Lingular  Lingulelloy 
lAngvlops,  lAnguIepis,  OloUidia,  Monoholtna,  Oholus,  Obolella,  Dig- 
Ronua,  Schmidtiaj  Aerttes^  Volborihtaf  and  some  others.  It  may, 
bowever,  be  hereafter  desirable  to  group  the  genera  above  recorded 
Into  two  groups  or  families,  Lingulida  and  Obolida.  Zingulella  is 
3ne  of  the  oldest,  if  not  the  oldest  type  of  animal  life  now  known, 
while  Lingula  appeared  for  the  first  time  about  the  middle  of  the 
Cambrian  period,  and  has  continued  to  be  represented  up  to  the 
preMent  time. 

Family  2.  Discintda, — Shells  more  or  less  circular  or  oval-shaped, 
attached  by  a  peduncle  passing  through  a  foramen  in  the  ventral 
valve ;  shell  calcareous  and  horny,  setsB  extremely  long,  barbed  with 
dlia  of  great  length :  labial  appendages  fleshy,  curved  backwards, 
with  small  terminal  spire  directed  downwards,  as  in  Crania,  Genera : 
Discinaf  Tremates,  DtBCtnisca,  Kutorgina  (?),  Acrotreta  (?),  Siphono- 
Ireta  (?).  Discina  appeared  about  the  middle  of  the  Cambrian  period, 
Euod  has  continued  to  exist  up  to  the  present  time. 

Family  3.  Craniada, — Shells  orbicular  or  limpet-like,  entirely 
free  or  attached  by  a  greater  or  lesser  extent  of  the  under  surface 
of  their  ventral  valve :  labial  appendages  spirally  coiled,  directed 
towards  the  bottom  of  the  dorsal  valve :  shell  calcareous,  perforated 
by  minute  canals.  Genera :  Crania,  Craniops,  Craniscus,  Pholidops, 
The  genus  Crania  appeared  for  the  first  time  during  the  Silurian 
period,  and  has  continued  to  be  represented  up  to  the  present  time. 

Family  4.  Trimerellida.  —  Shells  transversely  or  longitudinally 
oval :  ventral  valve  usually  the  largest  and  flattest  with  a  more  or 
less  developed  beak  and  area :  ventral  valves  generally  the  most 
convex,  hinge  rudely  or  faintly  dentated :  all  the  genera  are  provided 
with  a  solid  or  vaulted  muscular  platform  in  the  interior  of  both 
valves ;  no  calcareous  support  for  the  labial  appendages  :  shell  cal- 
careous, and  in  two  of  the  genera  very  massive.  All  the  forms  are 
extinct.  Genera :  Trimerella,  Monomer ella,  Dinobolus,  The  genera 
and  species  of  this  family  are  restricted  to  the  Silurian  period. 

Clistenterata,  King. 

Family  5.  Terebratulida, — Shells  very  variable  in  shape,  with  a 
prominent  beak,  truncated  by  a  circular  foramen,  partly  completed 
by  a  deltidium  in  one  or  two  pieces ;  labial  appendages  united  to 
each  other  by  a  membrane,  variously  folded  upon  themselves,  and  in 
some  genera  spiral  at  their  extremities.  These  appendages  are 
entirely  or  partially  supported  by  a  calcified  process  assuming  a 
great  variety  of  shapes.  All  the  species  lived  attached  to  submarine 
bodies  by  the  means  of  a  peduncle.  Shell  structure  perforated  by 
canals.    Genera:  Terebratula,  TerebratuHna^  Waldheimia^  Terebratella^ 
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Mf}frh«.  A'  \;\.  T'l-ihrirtrntra,  ifagat,  ifannia,  Bouehnrdia. 
Pltiti-li.i.  .1,  ^■/lania.ItautMeUiria.OtBgaia.Maeandrrria 

Diclufiii  ■-•iiinjoevpka/tin.  Trtpidolopfit  nudsoiue  others. 

Tnelu'i'''-^  ,i.^...i;.  .1  li  iba  dose  of  the  Siluritui  poriwl,  and  oou- 
tinned  lo  l>i>  n'[ir(t-t'(]lL'd  up  to  Ibo  pretwnt  timo;  but  the  latter 
Duuilicji'  of  ^cTK'i'n  liiivQ  hod  a  very  limited  distrihutioD  in  time. 

rniiiily  U.  Thi'ci-hidie.  —  Shells  email.  iLick,  varied  in  shape, 
altiichcd  liy  a  Iai'^^ov  or  smaller  portion  of  th«  shell  subatanoc  of  their 
vontr.'d  Viilve;  iirwi  lint;  deltidiuiu  iudiatiuot;  valves  articulated; 
loop  in  the  d<jr!.ul  valva  folded  into  two  or  more  Iob«a  lyiug  in 
hollows  of  i:oiTcs[ioiiiliiig  ahapn  excavated  in  the  subslaQoe  of  thft 
valve.  This  loop,  or  jipophyaary  ridge,  supports  the  bnchi&l  mem- 
bmne,  wimso  thickened  and  oirrateil  toargtn  is  appareuUy  ultadied 
to  tho  inuoT  Bides  of  tiie  grooves;  shell  striicture  porRirali;d  by 
canals.  Only  ono  genua  at  present  known,  Thefidium.  It  uppenred 
in  tlit>  Trias,  iind  hiu;  continued  to  be  represented  up  to  tho  prosont  time. 

Fiiiuily  7.  .5;.iri/'TiV(«.— Sbells  variable  in  shape,  ovute,  eloiigattjd, 
transverse,  trilubnle,  etc.,  with  the  hioge-line  straight  and  emended 
into  win^-shnpeil  expansioiis :  v&Ives  articulated,  with  or  witfaoat  a 
SaltLUcd  ana  in  tlie  ventral  valve-  animal  fraa,  or  attacihed  danng 
at  least  a  porlion  of  its  exihteiice  by  means  of  a  peduncle,  or  by 
muscular  (ilini  lasnin™-  liotu  m  uiy:ulrir  or  circular  forniiieQ  in  tlia 
benk  or  u  (  1  i  itrd  \  d\e  Utirsal  valve  internally  furuislied 
with  ( 1  I   [irot-esses  conneeted  in  different  manners 

and    111  ''''  ihIh  the  side  of  the  shell;  these  prut-es^ 

aflonl    I      II    It  I  I  II  hial  appendages.     Tins  family  compris 

the    I  ill  uMi  .,   Jill]  niiitit      mid    punctate  goner.i ;    Hpirifcra,  V\jtI\ 
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greater  or  lesser  length,  which  coalesce  into  one  median  plate,  and 
fiien  diverge  to  form  the  dental  plates,  inclosing  a  triangular  trough- 
like chamber.  In  the  interior  of  the  dorsal  valve  are  two  longitudi- 
nal septa  of  variable  dimensions,  to  which  the  socket- walls  converge, 
and  to  which  they  are  joined,  forming  two  more  or  less  developed 
and  inclined  plates,  to  the  produced  extremities  of  which  were  no 
doubt  affixed  the  fleshy  spiral  labial  appendages.  Shell  structure 
impunctate.  Qenera:  PeniameruBf  Pentamerella,  and  perhaps  one 
or  two  others. 

Family  10.  Strophamenida,  -r-  Shells  semicircular,  transverse,  or 
elongated :  valves  usually  concavo-convex,  regularly  arched,  geni- 
calated  or  depressed,  so  that  the  valve,  which  is  convex  in  some 
species,  is  concave  in  others,  and  vice  versd;  hinge-line  long,  straight : 
area  in  ventral  valve  flat,  with  a  fissure  partly  arched  over  by  a 
psendo-deltidium.  Valves  sometimes  uniformly  convex,  the  dorsal 
one  sometimes  depressed  with  an  area  divided  by  a  triangular 
foramen.  In  the  interior  of  the  dorsal  valve  a  small  simple  pro- 
jecting cardinal  process  is  situated  between  prominent  socket- walls, 
to  the  inner  extremities  of  which  were  (probably)  attached  the  brachial 
appendages.  Grenera :  Straphomena  Streptorhynchus,  Strophodonta, 
Lepttena^  Orihis,  Orthesinay  Skenidium,  Brachypriony  Disccelosiay  Meekella, 
Davidsonia  (?),  and  several  others.  The  first  species  appeared  during 
the  Silurian  period,  and  the  last  in  the  Upper  Lias.  It  may,  how- 
ever, be  necessary  to  group  the  genera  provisionally  placed  in 
Sirophomenida  into  one  or  two  families  or  sub-families.  A  great 
family  OrthidiB  might  be  established.  Sirophomena  differs  from 
Orikia  in  having  a  closed  fissure,  and  the  cardinal  process  bifid  or 
trilobed,  while  in  Orthis  it  is  generally  formed  of  one  piece.  In 
Straphomena  it  is  situated  directly  between  the  dental  sockets,  or  has 
between  them  and  it  a  small  prominent  ridge,  or  brachial  process ; 
for  this  last  is  scarcely  developed,  where  it  exists,  and  forms  a  marked 
contrast  to  what  we  find  in  same  valve  of  Orthis,  There  are  also 
four  more  or  less  distinctly  defined  adductor  depressions,  which  are 
longitudinally  parallel  to  each  other,  and  separated  by  ridges,  while 
in  Orthis  these  four  divisions  are  placed  in  pairs  one  above  the  other. 

Family  11.  Productidts.  —  Shells  more  or  less  concavo-convex, 
oval,  semi-oval,  or  angular,  and  generally  auriculated ;  the  hinge- 
line  straight,  with  or  without  teeth  and  sockets  for  the  articulation 
of  the  valves.  Surface  of  ventral  valve  or  hinge-line  more  or  less 
furnished  with  tubular  spines,  sometimes  of  considerable  length :  no 
calcareous  process  for  the  support  of  the  brachial  appendages  :  shell 
structure  perforated  by  canals :  cardinal  process  prominent,  trilobed 
or  bilobed.  Under  this  a  narrow  longitudinal  ridge  generally  ex- 
tends to  about  half  (or  more)  of  the  length  of  the  valve,  and  on  each 
side  are  seen  the  ramified  dendritic  impressions,  which  may  be  attri- 
butable to  the  adductor  muscle.  Outside,  and  in  front  of  these  are 
the  two  reniform  impressions  so  characteristic  of  the  family.  Genera : 
Prodiictua,  Strophahsia,  Aulosteges,  Chonetes,  Productella.  The  Pro- 
ductida  made  their  first  appearance  during  the  Silurian  time,  and 
became  extinct  at  the  close  of  the  Palaeozoic  period. 

(To  be  conduded  m  our  next  jYamfeer.) 
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1.  Wmiihtimim  JUmtmu.  Interior  of  Tcntna  Ttlve.  /.  fonom;  A  dtUifiiB; 
<.  teeth;  «.  addnctor  nraeeular  Inprenoiii  (^  ooeloMr  Smmtk)  <im 
iMthm;  «.  diTiricitor  Hmtoek  («  eiidiiitl  snielei  iHay  «  imdci 
didnetenr  prineipeiiz,  OrmtioUt)  tpm  ^mhmi  /.  aeoenorf  £vuieilon 
Hmteoek  («  mnsclM  didnetenn  wcMmtAxm  OriUM) ;  A.  Tnlnl adjutei 
Stmcock  (b  Toitnl  pednneakr  mvidfli  or  nmlee  da  pedoaaile  pan 
Bqierienr,  GrmiiM) ;  ^'.  pednacidir  miiMk  JBimMMd; 

2. Interior  of  dorMl  TtlTe.   «» /.  Cardinal  prooeM;  1^.  lunga-ilili; 

f.  dental  loeke^ ;  /.  loop ;  «.  addnotor  (^anterior  ooeloMr  Bmmdt;  itL 
Tolar  mneelei  Kin^s  «.  addoctor  (s  poaterior  oeahaQir  AmmI);  /.  a^ 
ceesory  diTarieator,  point  of  attaenment  (b  nnnlea  didaetoua  atuawiiM 
Gratiolet ;  IT.  dornl  adjoator,  pointi  of  attaflhmant  (»  danal  padaMb 
mnicle«nnia61ea  dn  pedoneole,  paixa  inferieor  GfwUtkt, 

3. Diagram  enowing  tlie  nraicnlar  ayitem  after  Hancock.    M.  nar 

tral  TalTe ;  N.  donal  ralTo ;  L  loop ;  «.  montli ;  a.  ertreodfy  cf  fnteitint; 
«.addnctor;  c.  diTarieatora;  /.  aooenorr  di?arieaton ;  h,  Tanlnl  adjv- 
tors ;  V,  pedancnlar  mnaele ;  V,  donal  a^'aalon ;  P.  gwdnmriau 

4. interior  of  donal  ralTo  to  allow  the  pomon  of  the  Ubud  m 

brachial  anpendaffea;  a  portion  of  the  fringe  of  tiM  aim  haa  been  lenofei 
to  show  tne  brachial  membrane  and  a  portion  of  the  ^iral  extraaiiiei  of 
brachial  mpendagei. 

5.  _^_  Longitudinal  Motion  of  TalTea,  with  a  portion  ol  the  amoai 

d^  k',  labial  appendagei ;  «.  adductor;  ^»/.  diTaricator  moadaa;  D.  cardinal 
prooeaa;  t, «.  aeptom;  T.  month,  llie  adjnator  orpednnenlarsniaeleahaTi 
been  pnrpoaely  omitted. 

6.  WdUheimui  Jtatmenu,     Portion  of  the  laMal  awpaDdageBy  enlamd,  ahoiriBg 

the  interbranohial  membrane,  w.  the  canal ;  jf,  f .  dUatoa  dm  coalM 
with  spicolsD  (after  £.  Dealongchampa). 

7.  RhynehoneUa  psittaeea.    Interior  of  dorsu  yalre.    «.  adductor  muscular  im- 

pressions ;  /.  short  curved  lamellso  for  support  of  labial  appendages. 

8.  • Showing  the  spirally  rolled  labial  appendages    (after  Owen's 

original  figure,  ^&ans.  Zool.  8oc.  toI.  i  pi.  22,  fig.  14} ;  but  1  haje  given 
a  more  correct  illustration  of  the  position  of  the  brachial  appendages,  of 
Ji.  niffriean$f  in  the  Memoirs  of  the  Soc.  Linn^enne  de  Konnandie,  pi.  x 
fig.  11,  1867. 

9.  TerebratelUi  Magellaniea,    Interior  of  dorsal  yalves,  to  show  the  double  aitadi- 

ment  of  the  loop. 
10.  Platidia  anomioide;    Interior  of  dorsal  Talve,  to  show  the  position  and  shape  of 
the  brachial  appendages. 

TRETENTERATA.    PLATE  X. 

1.  Lingula  anaiina.    Interior  of  ventral  valve  (diagram  after  Kinj^).    - 

2.  . Interior  of  dorsal  valve,    g.  umbonal  muscular  impreasions  {cptn 

veUves);  h.  central  muscles  (dote  valves);  i.  transmedial  or  shdinf  muscles; 
b.  parietal  band ;  j\  Ar,  /.  lateral  muscles  {j\  anteriors,  k.  middles,  L  oot- 
sides),  enable  the  valves  to  move  forward  and  backward  on  each  other. 

3. —  Diagram  of  the  muscular  system  (after  Hancock).    The  letters 

indicate  the  same  muscles  as  are  designated  m  King*s  figures  1  and  2 ;  p. 
peduncle ;  e.  heart ;  a.  alimentary  tube ;  z,  anal  aperture. 

4. enlarged  (after  Hancock),  to  show  the  dorsal  pallial  lobe  or 

mantle  turned  back  to  expose  the  pallial  chamber;  e,  marginal  fold;  r. 
pallial  sinuses ;  o.  spirally  coiled  brachial  apparatus ;  /*.  liver ;  /.  lateral 
muRclcs;  k,  lateral  muscles  (middles);  i.  transmedial  or  sliding  musdes; 
X.  lateral  wall  of  body ;  z,  anal  nipple. 

6.  Lingula  pyramidata  (after  Morse).  Showing  manner  in  which  the  valves  slide 
their  valves,  also  portion  of  the  long  peduncle,  to  which  sand  has  agglu- 
tinated in  the  shape  of  a  tube. 

6.  Embryos  removed  from  the  pallial  sinus  of  Lingula  anatina^  magnified  120  dia- 
meters, (after  Owen). 
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in. — On  Ckbtaik  Oknkba  of  Living  Fishks  and  theib  Fossil 

Affinities.^ 

By   Miss   AoNss   Obanb. 

ON  first  thoughts,  it  may  seem  that  the  lowest  group  of  verte- 
brates, of  all  the  divisions  comprised  in  the  animal  kingdom, 
night  be  most  easily  describedi  and  its  zoological  limits  defined ; 
but,  on  examination,  the  fishes  prove  to  be  most  curiously  linked  to 
the  invertebrata  below  and  the  amphibian  reptiles  above.  In  fact, 
it  is  not  easy  to  draw  the  lines  positively  between  them,  and  to  say 
where  the  true  vertebrates  begin,  or  where  the  piscine  characters 
are  merged  in  the  reptUian.  It  is  proposed  to  refer  to  some  of 
the  most  aberrant  forms  of  living  fish  and  their  fossil  affinities; 
then,  briefly  passing  in  review  the  distribution,  of  the  various 
fiunilies  in  geological  time,  to  see  how  far  descent  with  modification 
is  traceable  in  this  class  of  vertebrates. 

Thk  Lowest  Vertebrate. — It  is  well  known  that  the  lowest  ver- 
tebrate form  is  the  anomalous  lanoelet  (Amphioxm  lanceolatus),  which 
ifl  found  burrowing  in  sand  banks  on  our  southern  shores  and  in  the 
Mediterranean.  The  position  which  this  singular  species  should  occupy 
in  the  animal  kingdom  has  long  been  a  subject  of  debate  among  natu- 
ralists. Some,  like  Agassiz,  separate  it  entirely  from  all  other  fishes, 
while  Haeckel  proposes  to  place  it  in  a  distinct  division  of  the  Yerte- 
brata,  and  Professor  Semper  removes  it  from  the  vertebrates  altogether. 
But  Professors  Owen^  and  Huxley,'  considering  it  to  possess  the 
mdiments  of  a  skull  and  brain,  with  the  elements  of  a  vertebral 
column,  retain  it  among  the  fishes,  and  it  forms  the  first  or  lowest 
order  of  their  respective  systematic  arrangements.  In  AmphioxuSf 
which  ranges  from  one  and  a  half  to  two  inches  in  length,  the 
vertebral  column  is  notochordal  throughout  life,  that  is  to  say,  com- 
posed of  a  membraneous  rod  inclosed  in  cartilage;  and  as  there  is  no 
enlargement  of  the  skull  for  the  reception  of  the  brain,  the  animal 
tapers  nearly  equally  at  either  end.  The  skin  is  scaleless,  lubricous, 
Gmd  so  transparent  that  the  internal  structure  is  visible,  and  the  eyes 
ire  not  more  fully  developed  than  in  the  common  leech.  The  mouth 
Is  vertical,  jawless,  and  suctorial,  and  is  furnished  with  vibratile 
jilia.  The  lancelet  possesses  neither  heart  nor  swimming  bladder, 
md  is  without  ribs  and  even  rudimentary  limbs.  In  all  other  fishes 
:espiration  is  effected  by  means  of  water  passing  through  the  mouth 
ind  escaping  by  the  gills,  or  their  equivalents;  in  this  species 
t  traverses  the  whole  interior  of  the  animal  and  escapes  by  a  special 
>ore  on  the  under  surface  of  the  body.  Professor  Goodsir*  long  ago 
ailed  attention  to  this  peculiar  mode  of  respimtion,  and  noticed  the 

>  Read  before  the  Brighton  Nat.  Hist.  Sec.  Feb.  8th,  1877,  and  the  Geologists' 
LHOciation  April  6th,  1877. 

The  writer  u  much  indebted  to  Dr.  Giinther.  F.R.S.,  and  Mr.  W.  Davies,  F.G.S., 
f  the  British  Museum,  for  information  kindly  imparted,  and  facilities  and  assistance 
dforded  in  the  examination  of  specimens. 

*  Anatomy  of  Vertebrates,  vol.  i. 

'  Preliminary  Note  on  the  Structure  of  the  Skull  and  Brain  in  jimphioxus  laneeo- 
\tuM,  Proceedings  of  the  Royal  Society,  1874,  No.  167,  December. 

*  Transactions  of  the  Royal  Society  of  Edinburgh,  yoI.  xv.  pL  11,  p.  269. 
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resemblance  between  the  enlarged  phrangeal  sac  of  Amphioxns  «nd  I 
that  of  the  tunicated  mollusks  or  sea  sqnirts.     He  considered  tbe  i 
lancelet  also  as  allied  to  the  annulosa,  from  the  simple  organization   ^ 
of  its  respiratory  and  circulatory  system,  and  M.  Kowalevsky  haa 
more  recently  traced  a  close  affinity  between  this  species  and  the 
early  stages  of  some   Ascidians.     Thus,  in  Amphioxus  are  united 
pharactors  belonging  to  the  Tunicates  and  Annelides,  and  unexpected 
relations  are  revealetl  between  the  Veriebrata  and  the  Invertehrata, 

The  Most  Highly  Organized  Fish. — In  the  Lepidosiren,  the 
highest  of  all  the  fishes,  we  find  an  organization  of  a  no  less  complex 
nature.  The  gentis  was  founded  in  1837  by  Dr.  Natterer  for  the  re- 
ception of  a  singular  animal  to  which  he  gave  the  specifi^o  name  of 
paradoxa,  discovered  b}'  him  in  America,  inhabiting  the  swamps  in  the 
vicinity  of  the  river  Amazon.  This  species,  which  attains  a  length  I 
of  three  feet,  the  body  being  eleven  times  as  long  as  the  head/  is  now  I 
becoming  very  rare.  In  1839  Prof.  Owen  referred  specimens  from  the  ■ 
river  Gambia  of  West  Africa  to  the  same  genus,  under  the  desiguation  i 
of  Lf'pidosiren  annectens,  and  classed  them  in  a  provisional  groap  I 
between  the  reptiles  and  fishes.  They  are  placed  by  Prof.  Huxley 
in  the  highest  order  of  his  classification  of  fishes,  namely,  tlie  Dipnoi 
or  "double  breathers,"  and  are  popularly  known  as  "mud-fish." 
These  paradoxical  "  scaled  sirens "  have  well-developed  reptilian 
lungs  co-existing  with  functional  internal  branchise,  and  are  capable 
of  living  either  in  the  water  or  out  of  it.  Their  structure  and 
habits  are  very  }>eculiar.  During  the  rainy  season,  the  waters  of  the 
Gambia  overflow  its  banks,  and  the  mud-fish  is  carried  out  of  the 
true  bed  of  the  river.  When  the  waters  retire  it  is  left  stranded; 
then,  l)uri*owing  in  the  softened  mud,  it  eoiU  itself  up,  keeps  open  a 
coniiimnic.'ition  with  the  air  above  its  nest,  and  breathes  by  means  of 
its  modified  swimming  bladder.  It  thus  remains  inactive  till  the 
return  c»f  the  floods  soften  the  walls  of  its  cell,  when  it  emerges, 
and  resumes  its  former  habits.  Tiiey  have  been  found  in  a  semi- 
torpid  state  eighteen  inches  below  the  surface,  in  situations  where 
the  groun<l  is  dry  and  haixl  for  months  in  the  year,  and  are  dug  out 
by  the  natives  with  a  sharp  pointed  stick  and  used  for  food.'  The 
bod}'  of  tlie  L*>pidosi'reii  is  fish-like,  and  covered  with  small  cycloid 
scales,  simply  constructed  pectoral  and  ventral  limbs  are  present 
with  a  (lorso-caudal  iin.  The  notochord  is  persistent,  but  the  skull 
is  partly  bony,  partly  cartilaginous,  and  the  costal  arches  and 
neural  and  luemal  sfunes  are  well  ossified ;   thus  it  forms  a  link 

^  Traii«».  of  the  Linnffiau  Society,  vol.  iviii. 

•  A  sp«.ciineii  of  L.  anncctms  has  been  on  exhibition  in  the  entrance  hall  of  the 
Brijrbt«m  Atjuiiriuni  for  nmre  than  two  years.  It  is  kept  at  a  rejrular  temperature 
of  70*,  and  IS  in  a  vt-ry  thrivinj?  condition,  haviiijj  j^rt»wn  several  inches  since  it  ha« 
bei-n  in  the  institution,  and  thickened  propnriionately.     The  animal  generally  lie* 

?uietlv  at  the  b«»ttnm  of  its  tank,  risi»i«^  occasionally  to  the  surface  to  t«ke  in  air. 
t  is  {vA  tiiree  times  weekly  on  small  pieces  of  raw  beef,  which  it  can  be  olisenred  to 
eat  in  a  very  unusual  manner.  When  the  food  is  thrown  in,  the  mud- fish  stretchee 
itself  h'isunrly  and  si-i/i-s  it,  as  it  comes  within  n?ach,  between  its  sharply  formed 
Vomerine  t<»eth.  After  masticatinjj^  it  slowly,  it  throws  it  out  with  a  quick  jerk,  and, 
commeiicinu:  at  the  (►ther  end,  repeats  the  mana'uvre ;  it  then  again  rejects  it,  and 
subjects  it  to  a  third  process  of  mastication  before  tinally  swallowing  it. 
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ktween  the  bony  and  cartilaginons  types  of  fishes.    The  dentition 

*  composed  of  a  pair  of  vomerine  teeth,  and  two  molars  in  each 
aw.  The  heart  is  three-ohambered,  and  true  lungs  exist  with 
odimentary  external  branchiee  and  functional  internal  ones. 

Living  AFFiKmss  of  Lkpioosiben. — Among  living  fish,  the  Lepi- 
osiren  is  most  closely  related  to  another  "  dipnoid,"  discovered  in  the 
vers  of  Queensland,  Australia,  in  1870.  This  species  was  at  once, 
ith  singular  accuracy,  referred  by  Mr.  Gerard  Krefft,  the  late  Curator 
'  the  Sydney  Museum,  to  CeratoduSf  a  genus  till  then  only  known  by 
16  fossil  teeth  which  occur  abundantly  in  Triassic,  and  rarely  in 
olitic  strata.'  He  also  described  it "  as  a  gigantic  amphibian,  and  as 
lied  to  Lepidosiren"  the  correctness  of  which  determination  has 
ten  fully  demonstrated  by  the  subsequent  minute  investigations  of 
r.  Gunther'  and  Prof.  Huxley,'  who  have  published  exhaustive 
emoirs  on  this  subject.  Two  species  of  living  Geratodonts  are 
cognized,  one  named  after  its  discoverer,  the  Hon.  William  Foster, 
traiodus  Fosieri,  and  CercUodus  miolepis,  distinguishable  only  by  its 
laller  and  less  ornate  scales.  These  fijh,  known  locally  as  ''  flat- 
muIb,"  inhabit  the  fresh  and  bk^ckish  waters  of  the  Queensland 
rers,  and  *'  at  night  leave  the  streams,  and  go  out  on  the  flats, 
oong  the  reeds  and  rushes,  subject  to  tidal  influence."  Dr. 
anther  is,  however,  of  opinion  that  they  do  not  probably  live 
sely  oo  land,  as  the  limbs  are  too  flexible  and  feeble  to  support  the 
>avy  body,  and  considers  that  though  they  may  be  occasionally 
mpelled  to  leave  the  water,  they  could  not  remain  long  in  a  lively 
<ndition  without  it  The  species,  which  range  up  to  six  feet  in 
Qgth  and  twenty  pounds  in  weight,  appear  to  feed  exclusively  on 
e  remains  of  plants  Myrtacee  and  GramituB,  taken  in  a  decomposing 
ite.  The  body  of  Ceratodus  is  covered  with  large  cycloid  scales, 
id  the  limbs  are  structurally  identical  with  those  of  Lepidoairen, 
it  the  axis  and  fringe  are  more  dilated,  and  the  fin  scales  distinctly 
sible.  The  internal  skeleton,  though  of  a  more  cartilaginous  type, 
sembles  that  of  the  mud-fishes,  and  the  skull  is  partly  osseous. 
16  anterior  nasal  openings  are  situated  under  the  lip,  in  front  of 
e  vomerine  teeth,  while  the  posterior  pair  are  placed  in  the  cavity 

the  mouth,  a  little  before  the  maxillary  ones.  The  dentition  is 
sentially  that  of  Leptdosiren,  slightly  modified  to  suit  herbivorous 
ety  being  adapted  rather  for  ''  cutting  and  crushing "  instead  of 
piercing  and  cutting."  It  consists  of  a  pair  of  vomerine  teeth, 
id  two  molars  in  each  jaw,  thus  proving  the  correctness  of  the 
ews  of  Pander  and  Agassiz,  who  had  assigned  that  number  of 
tntal  plates  to  the  fossil  forms  of  the  middle  geologic  ages.  The 
spiratory  organs  are  twofold,  as  in  Lepidosiren,  but  the  gills  are 
ore  developed  in  Ceratodus,  and  when  inhabiting  clear  waters  the 
ih  probably  breathes  by  them  alone,  the  true  lungs  only  coming 
to  action  when  on  the  mud  flats,  or  living  in  turbid  waters.  The 
tape  of  the  body,  the  number,  position,  and  structure  of  the  fins, 

'  Cerat&dms  Philliptiy  Ag.,  Great  Oolite,  Mantell  Coll.,  British  Museum. 

*  Transactions  of  the  Royal  Society,  1871. 

*  Proceedings  Zoological  Societj,  1876,  part  i.  June. 
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the  elements  of  the  intOTnal  skeleton,  end  sboire  sll  the  oo-eziikflDei 
of  a  Inng  with  gills,  show  how  dose  is  the  sffinily  between  As 
Australian  (JenMm  and  the  mod-fishes  of  Africa  and  Sonft 
America,  and  althoo^h  the  former  approach  less  to  the  amphilwft 
l^pe  than  tiiB  latter,  it  is  obyioas  that  in  a  natoral  nlsssifinsrion  their 
plaoe  is  side  by  side. 

Fossil  Affihitiu  of  thi  Dipvoi. — ^Haying  shown  the  den 
oonnezion  between  the  two  genera  of  liring  dinnoids,  lei  m 
now  consider  the  relations  of  the  living  and  fo«u  Oeratodoirta 
No  remains  of  this  gsnuB  have  as  yet  been  fbnnd  in  the  TsctiiiJ 
or  Cretaceous  formations;  bat  the  fossil  teelh,  of  whioh  sefeni 
varieties  axe  recognizable,  possibly  the  relics  of  nomerons  fpom 
occur  abundantly  in  the  Triaasio  beds  of  Aust  dif^  near  Bristol, 
and  in  the  JMLuschelkalk  of  Germany.  They  have  also  been  ob- 
tained  frmn  strata  now  determined  to  be  of  Triassio  age  id 
Haledi,  south  of  Nsgpur,  in  India,  and  assooisted,  as  in  Bnn^ 
with  the  reptilian  remains  Huperodapedom.  Many  of  these  SmI 
teeth  are  mudli  larger  than  those  of  the  existing  species  (speoimeu 
of  one  Trisssio  form  measure  over  two  inches  in  length),  and  mail 
necessarily  have  belonged  to  individuals  of  a  gigantio  raosb  Us 
dental  plates  only  have  been  found  fosril,  but  the  structure  <^ 
Ceratodui  Fo$ten  indicates  that  they  alone  of  a  like-oonstruotoc 
animal  would  be  susceptible  of  preservation  in  sedimentary  sbat^ 
and  the  classification  of  the  recent  forms  with  those  of  the  HesoKW 
rocks,  separated  by  so  wide  a  gulf  of  geological  time,  tfaoogl! 
founded  on  the  similarity  of  the  dentition  alone,  is  the  only  rea8on< 
able  one,  as  there  is  no  evidence  that  the  living  and  fossil  Cento- 
donts,  differed  from  each  other.  The  teeth  of  this  genus  resembU 
ill  general  shape  and  structure  those  of  CtenoduB  whioh  are  widel] 
distributed  in  Carboniferous  strata,  species  occurring  in  Ameria 
being  identical  with  those  of  the  British  rocks  of  contemporaneoiu 
age.  The  dentition  of  the  Devonian  Dipterm  is  also  dosely  relitec 
to  that  of  CeratoduSf  as  well  as  Z^idosiren? 

Thus  the  history  of  the  Dipnoi^  an  order  before  the  discovery  o; 
the  Australian  Ceratodua  only  represented  by  the  mud-fishes  of  Afria 
and  South  America,  is  carried  back  to  remote  geological  ages,  an( 
the  four  living  representatives,  at  present  known,  are  found  to  b 
the  survivors  of  a  well-defined  and  characteristic  group  of  fishes  fin 
appearing  in  the  Devonian  age.  They  can  be  traced  up  from  Dip 
terus,  through  the  Carboniferous  Ctenadus,  to  the  Jurassic  Cerato 

^  Prof.  J.  S.  Newberry  (vol.  ii.  Paleontolo^  of  Ohio,  p.  68,  pi.  68.  fig.  18 
recoguizes  in  bis  new  fenus  Helioduty  occurring  in  tbe  Upper  CHiemiing^  gronp  of  tk 
American  Deyonian,  the  most  gigantic  member  of  tbe  family  of  dipterine  gaooidi  1 
which  Ctratodut,  Ctenodus^  and  Dipterus  belong.  The  teeth  reaemole  in  miemaoop 
structure  those  of  DipteruSf  and  in  general  shape  those  of  CUmodut,  The  u^ 
palatal  ones  differ,  howeyer,  from  those  of  all  other  known  dipnoids  in  being  nnitf 
^  in  the  form  of  a  fully-opened  fan.'*  He  is  also  of  opinion  that  the  J^UttUipht 
imignit  of  Van  Beneden  and  de  Eoninck,  from  the  Carboniferons  strata  of  Belgton 
is  not  generically  identical  with  the  P,  Devottienaiif  of  the  sane  authors,  and  whi 
admitting  that  the  former  is  really  a  Plagiostome,  considers  that  the  latter  shoo 
be  associated  with  his  new  dipterine  genus  under  the  deaignatioii  of  MtiM 
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AmtR,  and  then  the  link  is  lost  sight  of  nntil  their  lineal  desoendants 
ntppear  widely  distribated  on  the  surface  of  the  present  world. 
Ims  is  bat  an  illustration  of  the  truth  that  species  which  have  the 
mnatest  vertical  range  in  time  have  also  the  widest  geographical 
£stribation,  or  that  a  wide  distribution  proves  the  antiquity  of  the 
JHenus.  It  is  certainly  a  very  significant  fact  that  the  group  of  living 
fish  most  closely  allied  to  the  amphibian  reptiles  should  be  repre- 
sented in  the  Devonian  rocks,  long  before  the  most  simply  con- 
structed amphibians  appeared  on  the  scene  of  life  in  the  swamps  of 
the  Carboniferous  period.  The  Dipnaiy  as  at  present  constituted, 
includes  the  following  families :  Protaptertna,  Ceratodaniina,  Ciena- 
dodipierida,  and  possibly  Phaneropleurida,  They  are  closely  allied 
to  the  Ganoids,  and  especially  to  that  sub-order  termed,  by  Prof. 
Huxley,  the  CrossopterygidiB,  or  ''  fringe-finned,"  to  be  presently  re- 
ferred to.  Dr.  Ouuther,  indeed,  proposes  to  unite  the  dipnoids  with 
the  ganoids,  as  a  distinct  family  ;  but  Prof.  Hutley  considers  that, 
though  nearly  related  to  that  order,  they  yet  possess  many  important 
diiTerenoes.  It  seems  as  if  the  Dipnoi  nskd  also  some  affinities  with 
the  group  of  fishes  known  as  PlacoderrM,  for  a  most  remarkable 
fossil  fish  has  recently  been  discovered  in  America,  the  dentition  of 
which  is  almost  exactly  like  that  of  Lepidoairen,  except  that  it  is 
about  one  hundred  times  greater.  The  genus  Diniehthys  was  founded 
by  Prof.  Newberry  for  the  reception  of  this  gigantic  Plaeoderm,  of 
which  two  species  at  least  are  recognized  and  graphically  described 
by  him,  in  vol.  ii.  of  the  State  Reports  of  the  PalsBontology  of  Ohio. 
They  occur  in  the  Huron  Shales  of  the  Upper  Devonian  series, 
where  they  seem  to  have  preponderated  in  number,  fragments  of 
over  a  hundred  individuals  having  been  detected,  while  the  remains 
of  other  genera  are  found  more  rarely  in  the  same  horizon.  The 
jaws  of  this  "  terrible  fish  "  were  each  two  feet  long,  the  breadth  of 
the  head  was  about  three  feet,  and  the  cranium  was  composed  of 
massive  bony  plates,  the  solid  bone  of  the  occipital  portion  being 
three  inches  in  thickness.  The  length  of  the  body  is  estimated  by 
Professor  Newberry  to  have  been  about  fifteen  feet,  and  its  diameter 
three.  The  anterior  portion  was  protected  by  huge  dorsal  and 
ventral  shields,  resembling,  in  general  shape  and  structure,  those 
of  the  genus  CoceoBteus,  rendered  classic  by  the  pen  of  Hugh 
Miller.  Very  little  is  known  with  regard  to  the  fins,  "  about  six 
inches  only  of  an  apparently  median  fin,  with  well-oRsified  rays  as 
thick  as  one's  little  finger,''  having  as  yet  been  found,  and,  from  the 
absence  of  scales,  it  is  conjectured  that  the  posterior  portion  of  the 
body  of  the  animal  was  covered  with  a  tough  skin,  as  in  Coceosteus, 
a  genus  which  possibly  protected  itself,  like  the  modem  sheat  fish 
of  the  Ganges,  by  burrowing  in  the  mud,  watching  for  prey  with 
only  its  mail-clad  parts  exposed.  The  powerful  dentition  of  Dinich- 
ihys  is  suggestive  of  carnivorous  habits,  and  probably  being  so  heavily 
weighted  by  the  thick  shields  encasing  its  vital  organs  it  would  be 
compelled  to  obtain  food  rather  by  cunning  than  by  swift  pursuit  It 
is  worthy  of  notice  that  the  ponderously  armed  PlacodermB  had  a  com- 
paratively short  range  in  time,  remains  of  the  group  being  only  found 
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in  the  Upper  Silarian  and  Devonian  rooks ;  thus  ifc 
unable  to  oope  im  the  ttroggle  for  eziatenee  with  the 
and  more  aotive  moe  of  ganoids  wfaioh  predominafeed  in  the  Defoaha' 
waters,  they  died  ont,  Imving  no  unmediate  deaoendants.   lb 
Tortebral  oolnmn  in  the  JPlaeodenm  was  generally  eartilaghicii^i 
eondition  oonsidered  by  some  authors  as  iadioatiTe  of  a  low  otpni- 
zation,  but  as  the  quantity  of  bone  oomposing  their  external  sfawUi 
was  much  greater  than  that  forming  the  internal  skelefcon  ef  thi 
existing  types  of  true  bony  fishes,  and  as  traces  of  ossified  ohsU 
veriebne  haTO  been  disoorered  in  one  genusy  th^  onc^  rather  tabs 
highly  plsoed  in  a  systematio  olassifioation«    The  group  is  eonsidsnd 
by  Professor  Huxley  to  fona  a  link  between  the  Ganoids  and  tki 
Teleosts,  and  as  having  most  affinity  with  the  living  plated  SQnnid 
Teleosts  of  the  Afrioan  rivers. 

DiBTRIBUTIOll    AXD   BAMOn  OF    THI    PlSOIirB    TamIXISS    TM  QeO" 

LOGICAL  Tina. — ^In  oonsidering  the  distribution  and  range  of  the 
various  &milies  in  geological  time,  we  find  that  antbenticsated  ranstni 
of  sharks,  JPIaeodemii,  and  Cephalaspids  have  been  obtained  firom  the 
Lower  Ludlow  Beds  of  the  Upper  Silurian  in  Europe,  but  ia 
America  it  is  singular  that  no  fossil  fishes  have  as  yet  been  diseovBTBd 
before  the  Devonian  epoch,  whmi  the  relics  of  numerous  genera  ooonr 
abundantly,  diffSsring,  however,  from  the  Enropean  forms.    Hui 
dissimilarity  in  the  &una  is  probably  owing  to  the  difEsienoai 
existing  in  the  physical  geogra^y  of  the  two  areas  at  the  tims  ' 
of  the  deposition  of  the  series.    The  Devonian  formation  is  built  im 
of  freshwater,  estuarine  and  marine  strata,  each  group  chaiaoteriiaa 
by  its  peculiar  forms  of  life.    In  the  Old  Bed  Sandstone  of  Scotland 
and  Russia,  freshwater  species  predominate,  while  in  the  marine 
limestones  of  Devonshire,  and  the  Eifel,  Mollusca,  Corals,  and  the 
remains  of  genera  of  inshore  dwelling  fish  indicate  a  shallower 
marine  deposit.     The  greater  part  of  the  American  Devonian,  on  tbe 
contrary,  was  apparently  laid  down  in  an  open  sea,  and  thus  a 
monster  marine  fauna  flourished,  not  so  generally  represented  in 
Europe ;  but  it  is  interesting  to  note  the  identity  of  a  few  species 
oocuiTing  in  localities  where  the  beds  are  of  similar  structure  to 
those  of  contemporaneous  age  in  Europe.    In  both  worlds  the  for- 
mation is  alike  distinguished  by  the  great  preponderance  of  ganoid 
over  elasmobranchiate  fishes.     The  conditions  existing  during  tbe 
formation  of  the  Devonian  rocks  are  well  illustrated  at  the  present 
day  by  the  freshwater  lakes,  mighty  rivers,  and  extended  coast-line 
of  the  Afrioan  and  American  continents,  and  it  is  a  most  snraestive 
and  significant  fact  that  the  genera  of  living  ganoid  and  oipnoid 
fishes  most  resembling  the  Palaeozoic  forms  are  now,  with  two 
exceptions,  found  on*  those  oontinente  alone.    Taking  the  various 
orders  of  Professor  Huxley's  comprehensive  classification  in  succes- 
sion, we  find  that  no  traces  of  the  first  or  lowest  order,  the  Pharyn- 
gobranchii,  which  conteins  only  the  ''gullet-breathing"  Lancelot, 
have  been  found  in  a  fossil  state.     This  is  easily  accounted  for, 
however,  by  the  soft  and  perishable  structure  of  the  species,  of 
which  no  remains  could  possibly  be  pit^erved  in  the  finest  sedi- 
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nantarj  strata,  and,  therefore,  the  non-representation  of  this  lowest 
fidrm  of  ichthyic  life  in  ''  the  records  of  the  rocks  "  becomes  less 
ranarkable.  Of  the  cartilaginous  Marsipohranchii,  comprising  the 
lag  fishes  and  lampreys,  the  homy  teeth  alone  would  be  susceptible 
of  preservation,  and  their  absence  has  been  commented  on  as  nega- 
tiTing  the  evidence  of  progressive  development  among  fishes,  as  it  is 
obvious  the  most  simply  constructed  forms  should  appear  first  on 
the  scene  of  life  in  order  to  give  place  to  their  more  highly  organized 
descendants.  In  1856,  Pander,  in  his  magnificent  work  on  the 
Sflurian  and  Devonian  fishes  of  the  Kussian  Baltic  Provinces,  gave 
nnmerous  figures  of  what  he  supposed  to  be  the  teeth  of  small 
iliarks  from  the  Lower  Silurian  rocks,  but  these  so-termed  conodonts 
have  not  been  accepted  as  of  true  ichthyic  origin.  Professor  Owen  * 
retains  only  three  species  as  possibly  the  teeth  of  fishes,  and  is  of 
opinion  that  the  remainder  might  be  either  the  ornaments  of  crus- 
taceans, ''or  the  spines,  or  booklets,  or  denticles  of  naked  mollusks 
or  annelides."  Great  numbers  of  these  ''  cone  teeth  "  have  recently 
been  detected  in  Carboniferous  strata,  both  in  England  and  America, 
md  it  is  suggested  that  they  may  be  the  teeth  of  cyclostoraous  fishes 
like  the  hags  and  lampreys,  and  thus  be  the  representatives  of  the 
Marsipobranchii  of  the  ancient  Silurian  seas.  They  seem  most  to 
resemble  in  shape  and  structure  the  teeth  of  the  Myxinoida,  in  which 
the  dentition  is  peculiar,  being  composed  of  one  horny  conical  tooth 
lituated  in  the  roof  of  the  mouth,  with  two  serrated  dental  plates  on 
the  tongue.  It  has  been  objected  tliat  the  teeth  of  living  cyclos- 
tomous  fishes  are  homy  or  chitonous,  while  the  fossil  cone  teeth  are 
calcareous,  but  this  applies  with  equal  force  to  the  theory  that  they 
are  the  teeth  of  mollusks,  as  the  modern  shell  fish  have  siliceous  teeth. 
The  piscine  derivation  of  the  conodonts  is,  however,  still  a  debated 
question  requiring  careful  investigation,  as  it  would  antedate  the 
appearance  of  ichthyic  life  in  geologic  history ;  but  if  it  cannot  be 
asserted  that  they  are  the  teeth  of  fishes,  neither  as  yet  can  it 
be  positively  proved  that  they  are  not 

The  next  order,  the  Elasmohranchit,  embraces  the  sharks,  dog 
fishes,  rays,  and  ChiifKBroids.  The  first  of  these  families  has  enjoyed 
a  long  range  from  the  Upper  Silurian  epoch  to  the  present  day.  and 
one  genus  seems  to  have  varied  but  slightly,  the  Cesiracion  Phillipi 
or  Port  Jackson  shark  of  Australia  being  a  descendant  of  the  ancient 
CestraciontSy  a  once  numerous  family  now  verging  towards  extinc- 
tion. The  Chirmeroids  appeared  first  in  the  Devonian,  and  live  on, 
but  the  Rays  wore  not  represented  until  the  Jurassic  age.  The 
Plaeoderms,  as  we  have  seen,  enjoyed  but  a  transient  existence, 
dying  out  at  the  close  of  the  Devonian,  while  the  Teleostei  or  true 
bony  fishes  which  so  largely  predominate  at  the  present  day  did  not 
appear  on  the  scene  of  life  until  the  formation  of  the  Cretaceous 
rocks.  Seven  living  genera  alone  survive  of  the  Ganoidei  which 
prevailed  so  numerously  in  Palaeozoic  times,  and  but  one  of  these, 
the  sturgeon,  the  least  characteristic  of  the  group,  is  found  in 
European  waters.  Two  of  the  six  remaining  forms,  which  are  all 
dwellers  in  fresh  water,  occur  in  Africa,  and  four  inhabit  ilckft  \^^*«^ 
1  Enc.  Brit,,  roL  ifii.,  part  i,  1859,  art.  PalffioutoVog^. 
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and  riven  of  North  Amerioa.  The  pvewrfalioii  of  the  majoiHy 
living  ganoidi  in  Amerioa  is  probablv  owing  to  the  fiMA  tfaafc  wida 
portions  of  thia  ancient  oontiiM»it»  tnuy  the  old  wocld  of  ^aologuti, 
nave  never  been  lubmeiged  rinoe  their  npheaval  from  tiie  fint 
Silurian  seaa;  thos  some  representativea  of  thia  anoient  raoeof  fiabfii 
were  able  to  find  a  refuge  in  ita  faayi  and  rivetfly  and  the  chni 
of  descent  has  be€ffi  kept  unbroken  fktmi  the  early  agea  of  & 
inoaloulablv  remote  past  The  laige^spined,  ahagiecn-aealed  Acm 
tkodid^f  which  are  considered  by  Professor  Huxley  to  link  th 
Ganoids  to  the  Elasmobrancbs,  range  <mly  in  the  Devimian  m 
Carboniferous  rocks.  The  '* thick-toothed"  FgenodamU  Uved  fm 
the  Coal-measnres  to  the  Terdaries,  and  are  now  eztinoti  while  ^ 
buckler-headed  Cephala$pid$f  like  the  JHaeodermM^  existed  only  i 
Silurian  and  Devonian  times.  The  ClumdroUMm,  to  wfaibh  pwr 
the  sturgeons  belong,  were  oertainhr  represented  in  the  Jnrassio  m 
and  possibly  by  the  gigantic  Jfoerc^petaUrftAys  in  tibe  Dovoniai 
Amia  eaZvo,  the  dog  fish  of  the  American  lakes,  is  the  sole  membe 
of  the  sub-order  Amiodtf.'  The  Lepido$ieidm  includes  the  livins 
bony  pikes,  inhabitants  of  the  rivers  of  the  same  oontin«it,  and  fossi 
forms  in  all  the  formations  reaching  back  to  the  Devonian. 

There  remains  for  discussion  but  the  sub-order  OrotmrpUrf^ 
that  important  group  of  fringe-finned  ganoids,  through  which  Prof 
Huxley'  oonsiderB  the  passage  from  the  fishes  to  the  reptiles  ioul 
place.  All  the  frimiiies  of  this  well-defined  sub-order  are  oharsoter 
ized  by  the  possession  of  lobate  paired  fins  having  a  central  axis  o 
stem  covered  with  scales  like  the  body  walls,  and  surrounded  by  > 
fringe  of  fin  rays.  Two  dorsal  fins  are  present  in  the  majority 
Jugular  plates  always  replace  the  branohiostegal  rays,  and  the  scale 
are  either  rhomboidal  ot  cyoloidal.  The  families  8nwrodifknt\ 
Glyptodipterini,  and  Phaneropleurini  are  restricted  to  the  Paleeoaoi 
rocks.'     The    Ccelaeanthim  range  from  the  Carboniferous  to  tb 

^  Two  species,  namely,  Amia  tcutota  and  A,  dietyoeephala  Cope,  are  referred  I 
Prof.  K.  D.  Cope  (in  the  Bull,  of  the  United  States  QeoL  and  Geog.  SurTey.  No. 
2nd  series,  1875)  to  the  genns  Amia.   They  are  recorded  as  oconrrin^  in  the  Tertian 
Shales  of  South  Park ;  apparently  a  freshwater  deposit  of  later  Tertiary  aire. 

<  Decade  x.  of  the  Memoirs  of  the  Geological  Snryey,  1861   (Claaiification 
Devonian  Fish). 

*  In  the  memoir  on  TritiiehopUrui  alatua,  E^.  (Trans.  Roy.  See  Edinborgfa,  t 
27.  1876),  Dr.  Traquair  follows  Dr.  GUnther  m  associating  the  C$€mdipUrini 
Huxley  {Citf.odus,  hipUrut)  with  the  Dipnoi,  but  retains  Uie  FhaMgrwpismidm 
a  sixth  family  of  Crossopterygian  ganoids,  sub-<lividing  the  remaining  families  thi 
1.  PolypteridsB;   2.  Ccelacanthodffi ;    3.  Rhombodipteridee,   sub-fiun.    Gfypiolmm 
{OlyptolamuSy    etc.),    Saurodipierini    {Oateolepit,   Diphpterut)  \    4.  Cydodipteri 
(Trittiehopterusy  etc.);  6.  HoloptychidaD  {Holoptyehiui^  eta);   6.  Phaneropleari 
Xrhanm-opUuron^  Ur<m$mu8),     In  the  memoir  on  British   Carboniferous  Ganc 
by   the    same    author,  published   in  the   vol.  of  the    PaL   Soo.  for    1877, 
Palffioniscidffi  are  raised  to  the  rank  of  a  distinct  family,  and  remoTed  from 
sub-order  Lepidostbgid^  into  that  of  the  Acipbnseroidbi.     The  Dipnoi 
retained  as  a  separate  order,  and  the  following  classification  if  proposed  for 
order  Gawoidei. 

Fam.  4.  Pateoniseidss. 


Sub-order  I.  Crossopterygii. 
„       II.  Acipenseroidei. 
Fam.  1.  Acipensendas. 
,y    2.  Spatularids. 
„    Z,  Cnondroateidn.  \ 


„    5.  Platysomidie. 
Snb-order  III.  LepidosteoidflB. 
„        IV.    Amioidei. 
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Chalk,  and  the  PolypUrini,  comprising  only  the  living  Polypterus  and 
Calamoichthys  of  Africa,  alone  represent  this  once  prevailing  race  of 
fishes  at  the  present  day.  The  genas  Polypterus  is  remarkahle  for 
the  unique  arrangement  of  its  suh-divided  dorsal  fin,  and  by  the 
possession  of  a  double  cellular  air  bladder,  which  most  nearly  approxi- 
mates to  the  lungs  of  the  Dipnoi.  It  has  least  structural  affinities 
with  the  Ccelacanths,  its  nearest  allies  in  time,  and  is  most  closely 
zoologically  related  to  the  rhomboidal  scaled  Satirodipterines  of  the 
Devonian,  from  which  it  is  separated  by  an  enormous  gulf  of  geolo- 
gical time,  as  no  intermediate  links  have  been  discovered. 

In  the  notochordal  Phaneropleurini  we  find  forms  which  most 
closely  resemble  the  acutely  lobate  finned  Lepidosiren.  The  shape 
of  the  body,  nimiber,  position,  and  structure  of  the  fins,  and  all  the 
elements  of  the  internal  skeleton,  exactly  foreshadow  those  of  the 
mud-fishes.  Like  them  Phaneropleuron  was  covered  with  thin 
cycloidal  scales,  through  which  the  long  and  well-ossified  ribs  show  so 
plainly  in  the  fossil  state  as  to  suggest  the  name  of  the  genus.  The 
dentition,  however,  differs  from  that  of  Ceratodus  and  Lepidosiren^ 
being  composed  of  a  row  of  short  6onical  teeth  in  each  jaw  ;  and  in 
the  absence  of  the  grooved  dental  plates  so  characteristic  of  the  true 
dipnoi,  it  is  uncertain  whether  this  family  can  be  associated  with  the 
other  members  of  that  order.  The  chain  of  descent  is  carried  on  by 
the  CoBlcicanihini,  the  only  fringe-finned  ganoids  occurring  in  the 
Mesozoic  rocks.  They  can  be  traced  up  from  Ceelacanthus  in  the. 
Carboniferous,  through  Holophagus  in  the  Lias  and  Undina  in  the 
Oolites,  up  to  Macropoma  in  the  Chalk.  The  family  is  distinguished 
by  cycloid  scales,  hollow  fin  supports,  and  a  notochordal  skeleton 
built  on  the  same  principle  as  that  of  the  mud-fishes.  In  some 
genera  the  walls  of  the  air  bladder  are  ossified.  This  peculiarity, 
which  was  first  suspected  by  Mantell,  is  especially  remarkable  in 
Undina  and  Macropoma,  No  fossil  Crossopterygids  have  been  dis- 
covered in  Tertiary  strata,  but  it  is  the  opinion  of  Professor  Huxley 
that,  as  the  rhomboidal  scaled  Saurodipterines  of  the  Devonian  rocks 
are  now  represented  by  the  living  Polypterus,  so  the  stiff-walled 
lungs  of  the  Lepidosiren  are  the  homologues  of  the  ossified  air 
bladder  of  the  Coelacanths,  and  thus  that  genus  carried  up  the 
cycloidal  branch  of  the  Crossopterygids  to  the  present  day. 

Such,  in  the  abstract,  is  the  life  history  of  fishes,  a  class  character- 
ized, like  other  divisions  of  the  animal  kingdom,  by  the  extinction  of 
some  groups  after  a  brief  existence,  and  by  the  persistent  endurance 
of  others  through  untold  ages.  In  the  few  genera  of  living  ganoids 
we  have  undoubtedly  the  surviving  descendants  of  a  numerous  and 
powerful  race  which  prevailed  in  the  Devonian  epoch,  and  by  the 
discovery  of  fossil  dipnoal  forms  the  progenitors  of  Ceratodus  and 
Lepidosiren,  the  Dipnoi  are  likewise  proved  to  be  of  ancient  lineage. 
The  greater  part  of  the  existing  piscine  fauna,  on  the  contrary,  is 
shown  to  be  of  comparatively  modem  date.  Moreover,  in  con- 
sidering the  fact  that  the  early  fishes  are  remarkable  from  a  combi- 
nation of  diverse  characteristics  which  subsequently  become  the  dis- 
tinguishing peculiarities  of  distinct  families,  and  of  a  \i\^\i<^t  <^x^<bx^ 
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we  find  farther  eridenoe  that  the  ancient  ganoids  formed  the  parent 
stock  from  which  the  succeeding  fishes,  amphibians,  and  reptiles 
haTc  diverged.  In  some  saaroid  Devonian  fishes  the  position  and 
structure  of  the  teeth  foreshadow  those  of  the  Labyrinthodont  reptiles, 
in  others  the  throat  is  protected  by  gular  plates,  a  fashion  retained 
in  the  Carboniferous  amphibia.  Again,  in  some  species  the  scales 
are  surface  pitted,  like  the  scutes  of  Crocodiles.  While,  in  the  noto- 
chordal  wei^-limbed  amphibians  of  the  Coal-measures,  with  minute 
body  scales,  and  partly  osseous  skulls,  we  cannot  fail  to  recognize 
structural  peculiarities  now  found  in  the  swamp-dwelling  mud-fishes. 
Thus  in  liie  anomalous  ** scaled  sirens,"  we  have  the  "persistent 
type  "  of  an  ancient  gi'oup  of  fishes,  in  which  now,  as  in  the  old 
time,  the  piscine  and  amphibian  characters  are  so  united  as  to  com- 
pletely e£face  the  line  of  demarcation  between  the  orders,  and  effectu- 
ally link  the  fishes  to  the  reptiles. 
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Pboceedings  of  the  Manohesteb  Literabt  and  Philosophical 
Society,  vol.  xvi.  No.  10,  p.  171.  Session  1876-77. — Ordinary 
Meeting,  March  6,  1877. 

A  PAPER  was  read  by  Mr.  Arthur  Wm.  Waters,  F.G.S.,  entitled 
"Inquiries  concerning  a  Cliange  of  Position  of  the  Earth's 
Axis."  The  author  stated  that  the  cause  of  the  greater  warmth  in 
high  latitudes  during  the  Tertiary  period  had  not,  in  the  opinion  of 
ittany,  yet  received  any  satisfactory  solution. 

The  Arctic  Miocene  Flora  was  considered.  356  Miocene  species 
of  plants  have  already  been  determined  from  latitude  70-77  N.  in 
Spitzbergen  and  Greenland,  and  include  Tnxodium  (swamp  cypress 
of  Texas),  Sequoia,  birch,  lime,  oak,  beech,  plane,  and  even  mag- 
nolia ;  so  that  Prof.  Heer,  by  comparison  of  the  localities  of  these, 
says  that  the  temperature  must  have  been  30^  F.  warmer  than  at 
present  Fossil  floras  of  the  Cretaceous,  Jurassic,  and  Carboniferous 
periods  have  been  discovered  within  the  arctic  circle.  Most  of  these 
plants  are  unable  to  resist  severe  cold,  besides  requiiing  a  warm 
summer,  and  it  seems  difficult  to  accept  the  fact  of  their  flowering 
and  ripening  their  seeds,  where  the  winters  are  so  long  and  the 
summers  so  short,  and,  apart  from  the  lower  temperature,  where  the 
amount  of  light  is  so  much  diminished. 

Several  theories  have  been  brought  forward  to  explain  the  cold  of 
the  Glacial  Period,  the  generally  received  one  being  that  of  Mr. 
Croll,  that  it  was  brought  about  indirectly  from  an  increase  in  the 
eccentricity  of  the  earth's  orbit,  modified  by  the  obliquity  of  the 
ecliptic.  In  the  longer  and  colder  winters  more  snow  fell,  which  the 
summer  could  not  melt  away,  so  that  the  earth  now  covered  gets 
little  of  the  warmth  of  the  sun.  As  this  explanation  has  not  always 
been  thought  quite  satisfactory  with  regard  to  the  greater  warmth, 
the  change  of  the  position  of  the  earth's  axis  has  from  time  to  time 
been  suggested  on  various  grounds. 
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It  waB  tnggettod  that  iheie  axe  thiee  oanaea  wbich  miglit  change 
the  position  of  the  azia,  tub.  dii^ortion  of  the  earth  by  continental 
and  local  npheaTal  alterii^  the  oentre  of  grarity,  and  thna  changing 
the  poflition  of  the  aads ;  the  Temand  of  water  by  eleration  of  land 
displacing  the  ocean ;  and  the  removal  of  mattor  in  aoliition ;  and 
theee  two  last,  tiioogh  not  considered  to  be  the  most  important 
in  amount,  were  ocmsidered  more  in  detail. 

According  to  Mr.  T.  Mellard  Beade,^  abont  one  ton  of  solid  matter 
is  removed  in  solntkm  by  the  drainage  of  each  square  mile,  so  that 
abont  5000  miUion  tons  are  removed  from  the  land  sarface  each 
jear;  thus  in  ten  years  a  weight  equal  to  that  of  Vesnvins 
IS  removed  ftom  the  land  to  the  oceanic  area  by  this  means; 
and  as  there  is  more  land  in  the  northern  hemisphere,  this 
gives  a  gain  for  the  southern  hemisphere  of  8280  million  tons 
over  the  northern.  If  the  earth  is  divided  into  a  land  and  water 
hemisphere,  with  England  as  a  centre,  the  gain  of  the  weight  of 
the  water  hemisphere  is  about  4800  miUion  tons,  or  one  Vesuvius 
in  twelve  years,  Uie  place  of  greatest  gain  being  about  AS^  S.  and  the 
greatest  loss  4S^  N.  in  antipodal  positions. 

A  statement  by  Sir  G.  B.  Airy  in  the  Aihauamn^  1860,  was 
considered  in  order  to  see  what  CTOot  q>ecial  alteration  would  have. 
Bemoving  a  weight  equal  to  that  of  Asia  1000  feet  high  from  the 
centre  of  the  land  hemisphere,  and  adding  a  similar  wdgl^t  at  the 
antipodes  in  a  sinking  Pacific  Ocean,  leaving  the  remaining  portion 
in  each  hemisphere  balanced  by  the  natural  configuration,  would 
give  an  alteration  of  from  18-27  miles.  This  alone  would  require 
13  million  years  at  the  present  rate  of  denudation,  but  there  are 
many  causes,  some  of  which  were  mentioned,  which  would  very 
much  reduce  the  time  required  for  this  amount  of  "  soluble  denuda- 
tion," so  that  it  might  be  reduced  to  one  or  two  million  years,  and 
the  vast  thickness  of  calcareous  rocks,  which  are  only  the  record  of 
others  from  which  they  were  partly  formed,  shows  how  many  times 
such  areas  must  have  been  transported  from  land  to  sea. 

The  sinking  of  an  area  equal  to  the  continent  of  Asia  to  the  mean 
depth  of  the  ocean  would  bring  a  weight  of  water  sufficient  if  the 
antipodes  were  a  subooeanio  rising  area,  to  displace  the  position 
of  the  axis  40 — 60  miles  by  the  same  method  of  calculation.  It  is 
thus  seen  that  these  may  be  disturbing  or  starting  forces,  but  do 
not  give  a  large  amount  of  change  directly,  and  that  the  one  to  three 
degrees  which  Mr.  Qeorge  H.  !&rwin,  M.A.,^  allows  is  all  that  we 
should  expect  in  recent  geological  times,  unless  there  is  some  cumu- 
lative effect. 

Mr.  Waters  maintained  that  if  the  change  was  caused  by  addition 
of  weight,  then  the  earth  in  re-adjustment  would  cause  phenomena 
equivalent  to  an  elevation  in  those  semi-hemispheres  from  which  the 
maximum  bulge  has  been  removed,  displacing,  if  it  should  be  an 
oceanic  area,  an  amount  of  water  to  be  placed  in  another  region ;  the 

^  In  a  paper  on  Oeological  Time,  read  as  a  presidential  address  to  the  LiTerpool 
Geol.  8oc.   1876-77. 
»  Proc-  Hoy,  Soc.,  No.  175, 1876. 
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maximum  effect  of  each  degree  of  change  is  tIt  of  the  weight  of  the 
bulge,  and  the  possibility  of  a  redistribution  of  land  and  sea  prevent- 
ing a  change  in  an  opposite  direction  of  the  motion  of  the  poles  was 
pointed  out 

The  astronomical  objections  are  that  any  such  movement  of  the 
axis  would  be  discoverable  from  the  earth's  and  moon's  motions, 
that  is,  by  precession  and  nutation  of  the  equinoxes,  which  are 
caused  by  the  attraction  of  the  sun  and  moon  on  the  equatorial  bulge. 
It  is  from  no  sufficient  change  in  these  motions  that  we  have  been 
told  the  figure  of  rotation  has  not  altered  in  3000  years  (the  limit  of 
known  observation),  but  this  has  been  based  upon  a  preternatural 
rigidity  of  the  earth  which  is  not  now  maintained  by  all  physicists.^ 

It  has  been  seen  how  the  forces  under  consideration  may  have 
acted  in  opposite  directions,  and  a  consideration  of  recent  geological 
phenomena  shows  that  while  large  areas  have  been  elevated  it  has 
not  taken  place  steadily  and  uninterruptedly,  but  that  there  have 
been  elevations  and  subsidences  (or  kindred  phenomena)  many  times 
repeated,  so  that,  if  we  turn  to  the  north  of  Europe,  to  Belgium,  or 
to  Italy,  we  find,  for  a  general  elevation  of  a  few  hundred  feet  to 
have  taken  place  since  the  middle  of  the  Tertiaries,  there  have  been 
subsidences  and  elevations  of  many  thousand  feet  in  each  direction. 
Now,  with  the  number  of  forces  at  work,  and  the  irregular  distribu- 
tion of  land  and  sea,  it  may  be  said  that  a  reversal  of  conditions  in 
one  part  could  not  take  the  axis  back  to  exactly  the  same  place; 
in  other  words,  the  axis  might  tack. 

The  great  changes  in  the  Tertiary  period  were  briefly  considered, 
showing  how  much  change  of  level  has  taken  place. 

Mr.  Waters  said  the  points  he  wished  to  bring  forward  are,  that  a 
change  of  the  position  of  the  axis  would  elucidate  many  facts  which 
have  not  yielded  to  any  other  explanation,  and  that  a  change  of  the 
position  must  take  place,  but  that  only  a  small  amount  could  be 
directly  proved ;  but  if  there  is  a  cumulative  effect,  then  it  may  be 
explained.  The  idea  thrown  out  for  examination  by  physicists  was 
whether  the  frequent  changes  in  direction  which  are  caused  by 
forces  working  in  various  parts  of  the  world  would  not  thus  give  a 
sufficient  increase  to  the  amount  calculated. 

Referring  to  recent  papers  bearing  on  this  subject,  the  author 
adds: — 

Since  this  paper  was  written,  "  Le  Deplacement  Polaire  "  of  Dr. 
Jules  Garret  has  come  into  my  hands.  This  little  work  is  written 
to  demonstrate  from  various  grounds  that  the  position  of  the  axis 
has  changed,  but  without  inquiring  into  the  cause.  The  greater 
part  of  the  book  is  devoted  to  proving  that  the  present  distribution 
of  land  and  sea  can  only  be  accounted  for  by  such  a  change,  and  this 
he  thinks  explains  the  polar  land  area  and  the  antipodal  position  of 
nearly  all  the  land  to  water  areas.  He  shows  that  the  effect  of 
a  change  of  position  of  the  axis  with  the  unequal  diameters  of  the 

1  Sir  William  Thomson  says  in  bis  Glasgow  address:  *'A  slow  distortion  of  the 
earth  as  a  whole  would  never  produce  any  great  angular  separation  between  the 
instautaneous  axis  and  axis  of  maximum  moment  of  inertia  for  Uie  t\mA  ^>Sk%'* 
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eartli,  wliich  are  unequally  divided  by  the  centre  of  gravity,  vnll  be 
to  cause  the  land  to  be  antipodal  to  the  water,  and  the  slight  ex- 
ceptions are  near  to  the  circumference,  dividing  the  globe  into  land 
and  water  hemispheres,  which  is  where  the  exceptions  would  be 
expected. 

By  these  exceptions  he  concludes  that  the  poles  have  moved  in  a 
curved  direction.  If  we  divide  the  earth  by  a  plane  (grand  circle 
polaire)  perpendicular  to  the  equator  and  to  the  direction  in  which 
the  position  of  the  poles  have  been  changing,  the  points  of  inter- 
section at  the  equator  form  two  pivots  for  this  motion,  and  here  the 
effect  of  re-adjustment  will  be  a  minimum,  while  before  and  behind 
will  be  an  area  of  elevation  and  submergence  respectively.  If  the 
motion  is  curved,  the  plane  {g»cp,)  we  have  just  supposed  must  cut 
the  tangent  of  this  curve  at  right  angles.  The  changing  position  of 
this  tangent  changes  the  position  of  the  plane,  and  the  points  of 
intersection  are  removed  from  the  elevation  to  the  submergence  area 
on  one  side,  and  the  opposite  points  from  the  submergence  to  the 
elevation  area,  so  that  land  antipodal  to  land  is  the  consequence. 


EiE^V^IE^V^S- 


I. — The  Anoibnt  Lipe-Histort  of  thk  Earth.  A  Comprehensive 
Outline  of  the  Principles  and  Leading  Facts  of  Paladontological 
Science.  By  H.  Alleyne  Nicholson,  M.D.,  D.Sa,  M.A.,  etc., 
Professor  of  Nat.  Hist,  in  the  University  of  St.  Andrews.  8vo., 
pp.  xvi.  and  407,  and  276  woodcuts.  (Edinburgh  and  London, 
W.  Blackwood  and  Son.) 

IT  affords  us  much  pleasure  to  bring  under  the  notice  of  our 
readers  a  recent  publication,  which,  we  trust,  will  be  the  means, 
at  any  rate  to  a  great  extent,  of  assisting  the  student  of  Palaeontology 
in  his  battle  with  the  many  conflicting  and  unsolved  problems  of 
the  science.  In  his  "  Palesontology  "  Professor  Alleyne  Nicholson 
treated  the  subject  from  a  purely  zoological  point  of  view,  as  a 
branch  of  the  comprehensive  Science  of  Biology.  In  the  present 
work,  on  the  contrary,  the  same  subject  is  discussed  as  a  sub- 
division of  Geology,  from  its  historical  aspect,  with  the  introduction 
of  purely  structural  details,  only  so  far  as  may  be  necessary  to  a  due 
understanding  of  the  ancient  forms  of  our  globe.  Such  a  work  as 
the  present  is  best  appreciated  by  those  who  have  gone  beyond  the 
mere  threshold  of  palasontological  science,  and  learnt  how  difficult 
it  is  in  working  up  any  given  subject  to  obtain  an  epitome  of  the 
various  views  which  have  been  passed  upon  it  The  comparative 
absence  of  works  such  as  Professor  Nicholson's  "Ancient  Life- 
History  "  from  our  language  is  a  fact  we  must  all  deplore,  but  one 
we  hope  ere  long  to  see  remedied  to  a  great  extent  ;  and  it  is 
particularly  on  this  account  that  the  present  work  is  the  more 
welcome.  True,  we  have  Prof.  Owen's  *'  Palaeontologyj''  a  host  in 
itself,  the  value  of  which  was  evinced  by  the  fact  that  a  second 
^^^tioQ  was  called  for  before  the  book  was  a  year  old;    but  on 
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the  other  band,  we  have  presented  to  ns  by  oar  Continental  brethren, 
as  against  this,  such  works  as  Pictet's  TraitS  de  PcUSontologie, 
d'Orbigny's  Cours  Elimentaire,  Vogt's  Lehrbuch  der  Geologie  und 
Petrefactenkunde,  and,  now  publishing,  Schimper  and  Zittel's  Hand- 
buck  der  Palaontologie. 

Prof.   Nicholson's  **  Ancient  Life-Bistory '*  is  divided  into  two 
parts,  "  The  Principles  of  Palaaontology,"  and  "  Historical  Paleeon- 
tology."     In  the  first  the  science  is  defined,  the  nature  of  fossils  and 
process  of  fossilization  described,  the  origin  and  mode  of  formation 
of  sedimentary  rooks  discussed,  and  brief  descriptions  given  of  the 
chief  kinds  of  the  latter,  illustrated  by  vignettes  of  microscopic 
sections  of  the  rocks  described.     In  the  ''Chronological  Succession 
of  the  Fossiliferous  Rocks  "  the  student  is  taught  the  use  of  fossils, 
the  assistance  rendered  by  them  in  the  sub-division  and  working  out 
of  the  historical  succession  of  the  sedimentary  formations,  and  due 
attention  is  paid  that  the  student  shall  have  a  clear  conception 
of  the  deductions  to  be  drawn  from  an  examination  of  any  set  of 
fossils,  as  to  their  age,  origin,  whether  the  deposit  was  accumulated 
under  fluviatile,  lacustrine,  or  marine  conditions,  and  whether  repre- 
senting a  littoral,  deep-sea,  or  actual  shore  deposit     The  evidence 
afforded  by  fossils  as  to  climate  is  also  dwelt  on,  but  it  is  judiciously 
pointed  out  that  all  conclusions  under  this  head,  based  as  they 
are  upon  the  present  distribution  of  animal  and  vegetable  life  on 
the  globe,  must  be  accepted  with  caution,  and  may  be,  to  a  certain 
degree  at  least,  vitiated  or  modified  by  certain  well-established  facts, 
such,  for  instance,  as  the  occurrence  of  groups  so  unlike  anything 
now  existing  that  no  theory  as  to  the  climate  under  which  they 
existed  can  be  drawn  from  them,  neither  is  it  certain  that  the  habits 
and  requirements  of  extinct  animals  were  similar  to  their  represen- 
tatives of  the  present  day.     In  the  chapter  devoted  to   **  Breaks 
in  the  Geological  and  Palaeontological  Record,"  the  contemporaneity 
of  groups  of  strata  is  touched  on,  and  it  is  pointed  out  by  Prof. 
Nicholson  that  this  may  hold  good  for  strata  containing  identical 
fossils  within  the  limits  of  a  single  geographical  region ;  but  when 
the  distance  between  the  areas  where  the  strata  occur  is  greatly 
increased,  the  case  is  different,  and  is  accounted  for  by  a  migration  of 
the  fauna,  rather  than  that  they  were  contemporaneous  in  the  strictly 
literal  sense  of  the  term.   The  Geological  and  PalsBontological  records 
are  considered  to  be  sufficiently  extensive  to  throw  the  balance  of 
evidence  in  favour  of  the  "  continuity  theory,"  as  opposed  to  that 
of  intermittent  and  occasional  action  in  the  production  of  life  from 
the  Laurentian  upwards  to  the  present  day.     The  interruptions  and 
breaks  in  the  records  are  accounted  for  by  the  occurrence  of  an 
unconformability  between  any  two  sets  of  strata,  supplemented  by 
metamorphism,   and   supported  by  the  absence  of  an  appreciable 
number  of  animals,  of  which  no  trace  is  found  in  the  fossil  state. 
•*Thii8  we  arrive,"  says  Prof.  Nicholspn,  "at  the  conviction  that 
continuity  is  the  fundamental  law  of  geology,  as  it  is  of  the  other 
sciences,  and  that  the  lines  of  demarcation  between  the  great  forma- 
tions are  but  gaps  in  our  own  knowledge." 
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Under  the  "Biological  Relations  of  Fossils"  we  are  told  that 
fossils  '*  have  relations  of  the  most  complicated  and  weighty  character 
with  the  numerous  problems  connected  with  the  study  of  living 
beings,  or,  in  other  words,  with  the  Science  of  Biology."  To  such  an 
extent  is  this  the  case  that  no  adequate  comprehension  of  Zoology 
and  Botany,  in  their  modem  form,  is  so  much  as  possible  without 
some  acquaintance  with  the  types  of  animals  and  plants  which  have 
passed  away." 

Passing  to  the  section  of  the  work  devoted  to  Historical  Palaeon- 
tology, there  are  a  few  points  to  which  the  attention  of  our  readers 
is  particularly  directed.  At  the  end  of  each  chapter,  representing  a 
geological  period,  Prof.  Nicholson  has  introduced  a  list  of  the  more 
important  and  accessible  works  and  memoirs  bearing  on  the  period, 
or  its  fossils,  treated  of,  under  the  general  heading  "Literature.'' 
This  feature  has  already  been  carried  out  by  some  Qerman  writers, 
notably  by  Cams  and  Grerstaecker  in  their  "Uandbuch  der  Zoologie," 
and  its  adoption  by  Prof.  Nicholson  will,  we  think,  be  of  much 
assistance  to  the  student,  and  add  greatly  to  the  value  of  the  work. 
The  stratigraphical  sub-divisions  of  each  period,  irrespective  of 
description,  are  well  shown  in  the  form  of  woodcuts  representing 
vertical  "generalized  sections,"  demonstrating  the  order  of  suc- 
cession of  the  various  groups  of  strata,  in  one  or  other,  aud 
sometimes  several  of  the  countries  in  which  the  rocks  oomprisiDg 
the  period  are  best  developed.  Supplementary  to  these  "general- 
ized sections"  are  occasionally  given  "tabular  views,"  in  which 
are  shown  the  equivalent  sub-divisions  of  a  formation  in  various 
countries,  ranged  in  parallel  columns.  We  can  only  notice  with 
brevity  a  few  of  the  more  strictly  important  palseontological  facts 
brought  forward  by  the  author.  The  reasons  for  supposing  the 
existence  of  an  abundance  of  life  during  the  Laurentian  period  are 
clearly  brought  forward.  Whilst  speaking  of  Eozoon,  the  author 
considers  "  that  the  balance  of  evidence  up  to  this  moment  inclines 
decisively  to  this  view  "  (i.e.  as  to  its  organic  nature).  As  a  line  of 
demarcation  between  the  Cambrian  and  Silurian  formations.  Dr. 
Nicholson  takes  the  Tremadoc  slates,  as  proposed  by  Dr.  Hicks. 
The  structure  of  the  Graptolites  is  entered  into  at  some  length, 
as  mipjht  be  expected  from  the  author's  well-known  acquaintance 
with  this  family ;  he  regards  them  as  an  ancient  and  peculiar  group 
of  Hydroida,  and  does  not  accept  the  Polyzoal  affinities  advocated  by 
some  writers.  With  regard  to  the  advent  of  Vertebrates,  we  ai*e 
reminded  that  the  curious  bodies  from  the  Lower  Silurian  rocks  of 
Russia,  termed  Conodonts  by  Pander,  may  yet  prove  to  be  the  teeth 
of  fishes,  recent  researches  of  Prof.  Newberry  having  a  tendency  to 
establish  Pander's  original  conclusion  as  correct  We  regard  Prof. 
Nicholson's  remarks  on  the  Devonian  question  with  keen  interest 
With  the  view  that  the  "  Devonian  foraiation  has  in  nature  no 
actual  existence,"  advocated  by  some  authorities,  he  does  not  concur, 
but  considers  that  its  flora  and  fauna,  as  a  whole,  are  quite  distinct 
both  from  the  Silurian  and  Carboniferous.  "This  conclusion  may  be 
regarded   as   sufficiently   proved   oven   by   the   phenomena  of  the 
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British  area ;  but  it  may  be  said  to  be  rendered  a  certainty  by  the 
study  of  the  Devonian  deposits  of  the  continent  of  Europe ;  or,  still 
more,  by  the  investigation  of  the  vast,  for  the  most  part  uninter- 
rupted and  continuous  series  of  sediments  which  commenced  to  be 
laid  down  in  North  America  at  the  beginning  of  the  Upper  Silurian, 
and  did  not  cease  till,  at  any  rate,  the  close  of  the  Carboniferous." 
This  from  one  who  has  laboured  so  extensively  as  Prof.  Nicholson 
has  done,  both  as  a  geologist  and  palasontologist,  amongst  the  rocks 
of  that  age  in  North  America,  is  gratifying  support  to  the  Devonian 
advocates  amongst  ourselves. 

Want  of  space  quite  prevents  us  following  Prof.  Nicholson  step 
by  step  through  his  very  interesting  and  instructive  book,  much  as 
we  are  tempted  to  do  so.  We  need  only  add  that  the  same  care 
and  attention  to  detail  is  evinced  in  dealing  with  the  Secondary  and 
Tertiary  formations  as  is  shown  in  the  earlier  parts  of  the  work. 
The  concluding  chapter  is  on  "The  Succession  of  Life  upon  the 
Globe,"  in  which  are  summarized  some  of  the  principal  results 
which  may  be  deduced  as  to  the  succession  of  life  upon  the  earth 
from  the  facts  which  have  been  passed  in  review  in  the  preceding 
portion  of  the  work. 

Without  coinciding  with  Prof.  Alleyne  Nicholson  in  all  the  views 
expressed  in  his  latest  work,  yet  we  still  feel  ourselves  authorized  in 
considering  the  "  Ancient  Life- History  of  the  Earth  "  as  a  desirable 
addition  to  every  student's  library,  and  as  a  work  which  will 
probably  have  a  tendency  to  increase  the  study  of  Palaeontology 
amongst  us  in  no  small  degree.  In  the  event  of  the  book  reaching 
a  second  edition,  which  we  have  no  doubt  it  will,  wo  would  strongly 
advocate  the  insertion  of  a  "  generalized  section "  of  the  Scottish 
Carboniferous  rocks  for  comparison  with  those  of  England,  the 
very  marked  differences  of  deposition  evinced  by  the  Carboniferous 
series  in  North  and  South  Britain  being  a  point  of  considerable 
interest  Another  point,  and  we  have  done.  How  much  would  the 
value  of  a  work  like  the  present  be  increased  by  the  introduction  of 
a  few  generic  descriptions — descriptions  of  genera  typical  of  each 
period  into  which  the  book  is  divided — terse,  but  to  the  point  ?  We 
feel  sure  that  an  enlargement  to  this  extent  would  repay  the  author 
for  his  trouble  as  much  as  it  would  afford  instruction  and  pleasure 
to  the  reader.  The  book  is  printed  in  an  exceedingly  clear  type, 
the  illustrations  are  good,  very  numerous,  and,  so  far  as  we  are 
able  to  judge,  accurate,  and  the  whole  work  does  the  publishers 
much  credit. 

IL — Works  op  the  Pal^ontographioal  Sooibtt. 

1. — Monographs  of  British  Fossils.  Published  by  the  Paleeonto- 
graphical  Society.  Vol.  XXVII.  (for  1873).  4to.  (London, 
1874.) 

fllHE   continued   enthusiasm   and   industry  of  veteran  palseonto- 
I.      legists,  who  have  done  much  for  the  elucidation  of  British 
fossils   in   the   earlier  volumes  of  these   Monographs,  again   offer 
rich  stores  to  both  systematic  and  amateur  naturalists. 

DECADE  II. — VOL.  IV. — NO,   V.  \^ 
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1.  Dr.  Wright  gives  part  Sth  of  iroL  L  of  tibe  Grataoeoat  Eohino- 
derms,  espeoiaUy  ^the  genera  CoUoUJo*  JVfeoutsa,  and  JSdbtiiaeeirai. 
In  txeating  of  the  "  Eohinoidea  exo^olioa***  the  author  takes  grest 
oare  to  define  the  seiren  groups  in  whioh  Brejnia%  one  of  the  first 
and  best  of  early  Echinodermatologists,  arranged  the  Bdfainidn,  with 
the  synonyms  nsed  by  others;  and  he  gives  a  translation  of  the 
rare  "Schediasma  de  Achinis,"  eto.,  from  Brejnins's  "Dissortstk) 
physica,"*  eta,  1782. 

2.  Mr.  Daridson  adds  to  his  immense  ooUeotioQ  of  Brabhiopodsl 
literature  and  ioonography  some  valuable  supplemental  notes,  de* 
soriptions,  and  figures  of  Tertiary  and  Gretaoeons  speoies^  eidier  new 
or  not  suffioiently  well  known. 

This  enthusiastio  student  of  Braohiopodal  life-forms,  having  him- 
self drawn  on  stone  for  the  Society  upwards  of  200  quarto  plates, 
dten  crowded  with  good  figures,  has  thus  enabled  the  Society  to 
expend  oonsidenble  sums  on  the  illustration  of  other  subjects, 
which  would  else  have  waited,  perhaps  in  vain,  for  costly  figuring. 

8.  Mr.  S.  Y.  Wood,  the  veteran  geologist  of  the  Cn^,  oontribates 
a  Supplement  to  his  monc^rfaphio  account  of  the  Bivalves  of  the 
Crag  (and  this  Supplement  is  a  monograph  of  itself,  with  5  plates), 
some  concluding  remarks  on  the  distribution  of  the  Crag  fauna,  and 
an  admirable  **  Synoptical  List  of  Marine  Molluscs  from  the  Upper 
TertiariiBS  of  the  East  of  England,"  with  remarics  and  an  analysu  of 
the  list    The  stratal  grouping  adopted  ^  is  (downwards) : 

Post-GlaciAl ;  Yallej  Gni?el,  and  Upltnd  and  Lowland 
Brick-earths. 

Upper  Glacial ;  the  great  Chalky  Boulder-claj.  \ 

Middle  Glacial ;  Sand  and  Gravel.  f  Glaciil 

T  r>i    •  1      1  'f  ho  Contorted  Drift.  /    Beds 

Lower  Glacial      (  The  Pebbly  Sand  and  Pebbla-beds.         ) 
Chillesford  Beds  ;  Oay  and  Sand. 
Fluvio-marine  Beds. 

Pa/1      i  ^^  Craff^f  excepting  the  Sorobicolaria-beds  aboTe,  and 

p  I     the  Walton  Crag  below. 

^"^-     I  Older  or  Walton  Hed  Cjrag. 

Coralline  Crag.  J  Jl?.'^®' 

^  }  White  Crag. 

<*  The  results  of  the  Table  indicate,'*  writes  the  author,  p.  220,  "an  almost  identical 

per-centage  of  forms  not  known  as  living  in  the  case  of  the  older  Red  Crag  and  the 

Cordliine,  which  is  in  conflict  with  the  geological  break,  which  I  still  believe  to  exist 

between  the  two  formations.    With  the  exception  of  the  Middle  Glacial  column  of  it, 

however,  the  Table  shows  very  forcibly  the  aiminishing  ^lediterranean  aspect  of  the 

feuna  as  we  ascend  in  the  geological  scale.    In  the  Coralline  Crag  there  are  fiftr-two 

Mediterranean  forms  not  living  in  the  British  seas,  and  only  twenty  of  the  converse 

character;    and   of  these  twenty,  two,   via.  Odottomia    Guiwna  and   Ptammoiui 

ieilineUa,  are  Lusitauian.    In  the  Walton  Red  Crag  the  respective  numbers  ai« 

fourteen  and  thirteen  ;  but  in  the  rest  of  the  Ked  Crag  the  British  species  not  living 

in  the  Mediteranean  are  in  number  more  than  double  those  of  the  converse  character' 

while  in  the  Fluvio-marine  Crag  these  proportions  are  increiised  five-fold ;  and  in 

the  Chillesford  beds  nineteen-fofd.    In  the  Lower  Glacial  there  occur  thirteen,  in 

the  Upper  Glacial  twenty-one,  and  in  the  Post-Glacial  nineteen  British  species  un- 

^  See  also  the  Introduction  to  this  Supplement,  Part  1,  1872,  by  S.  T.  Wood,  Jon 
'".8.,  and  F.  W.  Hanner,  F.G.8.  ' 


Upper 
Crag. 
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known  in  the  Mediterranean;  bnt  in  none  of  these  three  depodti  doee  there  ocenr 
a  niigle  upecies  of  the  converse  character. 

'*  Simnltaneoosly  with  these  features,  we  find a  proportional  increase  of 

the  Arctic  species  as  we  ascend  through  the  Crag  and  Glacial  series ;  and  that  eren 
in  the  Post-Glacial  deposits  no  less  than  four  ont  of  a  total  of  fortj>nine  are  Arctic 
sheila  of  the  preceding  Glacial  Period,  which  have  since  receded  from  the  British 
coasts. 

**  The  Middle  Glacial  fauna  stands  out  in  some  discord  with  the  above ;  since  in  it 
not  only  do  several  Mediterranean  species  unknown  to  British  seas  reappear,  bnc  the 
proportion  which  these  bear  to  the  number  of  British  species  not  knowa  in  the  Medi- 
terranean is  as  eight  to  twenty-one, — a  much  larger  proportion  than  exists  in  the 
Fluvio-marine  Crag,  and  altogether  beyond  the  proportions  exhibited  by  the  inter- 
vening formations.  The  explanation  is  probably  to  be  found  in  the  MoUuscan 
remains  of  this  deposit  having  travelled  horn,  some  distance,  as  mentioned  in  the  Intro- 
duction to  this  Supplement,  p.  xxiii.  Altogether  this  Middle  Glacial  assemblage  is  a 
very  interesting  one,  and  the  most  important  of  any  of  the  formations  succeeding  the 
Cra<?.  Several  of  the  species  which  occur  in  it  seem  to  have  disappeared  from 
the  British  coast  during  the  earlier  part  of  the  Red  Cn^ ;  and  while  some  of  these 
are  not  known  living,  others  are  confined  to  the  Mediterranean  or  other  southern 
waters. 

"  I  have  only  to  add  that  I  am  equally  convinced  with  the  authors  of  the  Intro- 
duction to  this  work,  that  the  MoUuscan  remains  of  the  Middle  Glacial  Sand 
(fragmentary  and  worn  as  they  occur  in  it)  are  not  derived  from  any  older  deposit,  but 
are  contemporaneous  with  the*  sand  which  contains  them." 

4.  To  osteologists,  and  those  who  study  the  fossil  dragons  of  the 
Wealden  and  Purbeck  formations,  the  continued  labours  of  the  inde- 
fatigable Professor  Owen  bring  grand  results  in  the  descriptions  and 
figures  of  remains  of  Igxianodon  ManteUi,  L  Hoggii  (?),  J.  Foxii, 
J/ylcBochampsa  Vectiana,  In  the  same  volume  the  author  continues 
his  researches  on  the  Mesozoic  Pterosauria,  describing  and  illus- 
trating many  relics  of  Pterodactyles  from  the  Gault,  Hastiugs  Beds, 
Kimmeridge  Clay,  Great  Oolite,  and  the  Lias. 


2. — Monographs  of  British  Fossils.  Published  by  the  Palneon- 
tographical  Society.  Vol.  XXVIII.  (for  1874 J.  4to.  (London, 
1874.) 

I.  This  volume  has  fewer  Monographs,  or  parts,  than  usual ;  but 
one,  and  that  fortunately  a  complete  work,  is  bulky  in  text  and 
enriched  with  sixteen  plates,  which  have  an  average  of  upwards  of 
30  figures  in  each!  These  (all  drawn  by  G.  S.  Brady,  and  litho- 
graphed by  T.  West  and  G.  West)  illustrate  the  minute  Bivalved 
Entomostraca  which  occur  plentifully  in  many  clays  and  loams  of 
Post-Tertiary  date,  and  have  their  analogues,  and  often  their  exact 
representatives,  in  the  existing  seas,  lakes,  and  rivers.  The  Palason- 
tographical  Society  has  already  published  Monographs  by  Kupert 
Jones  on  the  Cretaceous  and  Tertiary  species ;  and  the  present  Mono- 
graph, by  Dr.  G.  S.  Brady,  a  first-rate  carcinologist,  with  whom  the 
Entomostraca  are  favoured  pets,  aided  by  two  careful  naturalists 
and  geologists,  Messrs.  H.  W.  Crosskey,  F.G.S.,  and  D.  Robertson, 
F.G.S.,  advances  our  knowledge  of  these  small,  but  true  and  useful 
witnesses  of  past  conditions,  bringing  them  en  rapport  both  with  . 
those  that  are  found  fossil  in  older  deposits  and  those  now  living. 
The  classification  of  tlie  Ostracoda  (the  special  group  of  Bivalved 
Entomostraca  treated  of  in  this  Monograph),  according  to  the  ^IiQl>^^ 
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fexttire,  markingB,  and  bingemetit  of  the  vBlveB,  at  pages  109-114, 
and  the  synopsis  of  their  genera,  based  upon  tbe  anatomical 
oharaoters  of  the  animal,  at  pp.  115  and  116,  ?nll  be  highly  acoept- 
able  to  the  students  both  of  recent  and  of  fossil  speoimens ;  and 
indeed  these  admirable  synopses  are  full  of  the  latest  information, 
derived  from  the  researches  chiefly  of  Dr.  G.  0.  San,  of  Norway, 
and  Dr.  Brady  himself. 

"  Of  the  182  species  of  Oshnaooda  described  in  this  Monograph,  24 
may  be  considerod  to  have  been  inhabitants  of  fresh  or  slightly 
brackish  water,  the  remaining  108  being  strictly  marine  speoiei.'' 
The  freshwater  species  are  as  follows : — 


Ojfprii  cimrM,  Brady. 

compreuMf  Baird. 

giUm,  Ramdohc 

ovtMn,  Jnrine. 

nptmm^  Baiid. 

ta/iM«,  Brady. 

■  WrwM,  Jmiiie. 

Utm$,  MtOlflr. 

Cypridop»ii  Ntwtmit  B.  ft  R. 

obetm,  B.  ft  R. 

CoHdonm  oiftiMfii,  Brady. 
candidm.  MtOler. 


OtrndoHu  MMpriMM,  Kodu 
— •^—  dtUciOy  MuUer. 
—  UuUm^  Baird. 
JMrnmocypris  fiiipm,  Brady. 
Darwin4lU  SUpemotti,  B.  ft  E. 
Limnieytknt  mUi^um^  n.  ap. 

iHojnmmim,  Baird. 

— -  montir^/letif  Normao. 

Smieti-Pkirmi^  B.  ft  R. 

Offthiriim  foMMlTM,  8an. 
— — -  torota^  Jonea. 
ZoxoMMcAa  dlipUem^  Brady. 


All  except  lAwaieifihere  dtnUqtM  are  known  in  the  living  state.  Of 
the  marine  forms  foand  in  the  Post-Tertiary  beds  there  are  lists 
given, — 1.  Of  those  now  known  as  characterizing  the  Arctic  seas 
and  the  northern  coasts  of  Norway,  Scotland,  and  America.  2.  Those 
now  extinct,  or  unknown  in  the  liviug  state.  3.  Those  found  in  tbe 
Glacial  and  Post-Glacial  deposits  of  Norway.  4.  Those  found  in  the 
Glacial  (and  Post-Glacial  ?)  deposits  of  Canada. 

Tlie  Introduction  of  this  Monograph  (pp.  1 — 108)  is  essentially 
geological,  being  descriptive  of  the  numerous  Post- tertiary  clays  and 
sands  associated  with  the  beds  which  have  yielded  the  Ostracods 
under  notice.  In  fact  this  portion  of  the  work  is  a  Monograph  on 
the  Post- tertiary  beds  of  Scotland  and  the  north  of  England,  with 
notices  of  others  beyond  those  limits.  After  a  definition  of  terms, 
our  authors  proceed  to  describe :  1.  The  local  varieties  of  Boulder- 
clay,  both  with  and  without  fossils  (pp.  3 — 10);  2.  The  varieties  of 
fossiliferous  deposits,  not  being  Boulder-clays  and  not  Post-Glacial 
(pp.  11 — 25);  these  maybe  (a.)  "  immediately  beneath  the  Boulder- 
clay,  and  either  Preglacial,  Interglacial,  or  Glacial,  without  having 
any  Boulder-clay  for  their  base ;"  (b.)  "  between  masses  of  Boulder- 
clay  ;"  (c.)  "clays,  sands,  and  gravels  characterized  by  a  fauna  more 
or  less  intensely  Arctic;"  (d.)  "clays  and  sands,  characterized  by  an 
Arctic  fauna,  either  immediately  overlying  Unfossiliferous  Bonlder- 
clay,  or  separated  from  it  by  a  thin  seam  of  '  Laminated  Clay.'  ** 
3.  The  Ostracodiferous  beds  (pp.  25 — 92) :  A.  "  characteriised  by  an 
Arctic  fauna :"  B.  "  the  characteristics  of  the  Arctic-shell  beds," — not 
necessarily  belonging  to  one  age,  and  fluctuations  of  climate  may 
have  taken  place ;  tbe  difference  of  these  Arctic  beds  summarized  ; 
C.  "  series  of  beds  of  later  date,  and  not  in  any  way  Arctic,  indicating 
steps  through  which  the  present  physical  geography  of  Scotland 


Reviews — The  Pdkeontographical  Society.  229 

as  been  reached  since  the  retreat  of  the  ice;"  (a.)  "deposits 
ossibly  belonging  to  a  period  of  warmer-climate  conditions  than 
ow  exist;"  (5.)  ** series  of  Post-glacial  deposits  belonging  to  the 
lost  recent  period  of  the  depression  of  the  land," — such  as  Eaised 
Caches  and  Estuarine  Muds.  4.  "  General  sequence  of  the  Post- 
ertiary  beds  of  Scotland, — Preglacial,  Early  Olacial,  Middle  Glacial, 
''inal  Glacial,  Early  Post-glacial,  Middle  Post-glacial,  and  Final 
'ost-glacial ;  the  termination  of  the  Period  being  marked  by  the 
Qost  recent  elevation  of  the  land  "  (pp.  93 — 96).  6.  ^'Belationships 
>etween  the  Glacial  fauna  of  Scotland,  the  Becent  British  fauna,  and 
he  Glacial  faima  of  Norway  and  Canada,  established  by  Ostracoda 
s  well  as  by  MoUusca"  (pp.  96—99).  6.  English,  Irish,  and 
Velsh  Post- tertiary  deposits  examined  for  Entdmostraca  (pp.  100 — 
08). 

When  we  consider  that  fifty  principal  localities  of  the  Post-tertiary 
)stracoda  are  here  systematically  treated  of,  we  can  form  some 
lotion,  not  only  of  the  mass  of  geological  information  brought 
ogether  in  this  Monograph,  but  of  the  importance  of  these  minute 
bssil  Entomostraca  among  the  ''  Medals  of  Creation."  An  elaborate 
able  of  the  Distribution  of  the  Fossil  Ostracoda  over  the  Post- 
ertiary  Localities,  a  copious  Table  of  Contents,  and  a  good  Index 
f  generic  and  specific  names,  greatly  add  to  the  value  of  this 
tlonograph. 

The  **  Journal  of  Bores  at  Garvel  Park,"  given  at  p.  44,  etc.,  we 
aay  mention,  is  not  a  private  diary  of  self-complacent  noodles, 
pedants,  and  witlings  at  a  dull  country-house ;  but  a  strictly  pro- 
'ensional  illustration  of  the  good  old  mole-like  geologist's  motto — 
'  I  bore." 

II.  The  next  constituent  of  the  1874  Volume  is  Part  L  of  a 
ifonograph  of  the  British  Fossil  Bivalved  Entomostraca  from  the 
Carboniferous  Formations,  by  T.  Rupert  Jones,  J.  W.  Kirkby,  and 
ir.  S.  Brady ;  and  this  first  portion  is  devoted  to  "  the  Cypridinadse 
nd  their  Allies."  Some  parts  of  the  Mountain  Limestones  of  various 
ountries  seem  to  abound  in  subglobular  bivalve  carapaces,  and  their 
[x>se  valves,  which  approximate  in  character  to  various  members  of 
be  Cypridinad  group;  some  are  also  found  in  the  Coal-measures; 
nd  others  in  the  older  Devonian,  and  even  in  the  Silurian  rocks, 
.^hey  are  associated  frequently  with  other  Ostracodous  valves,  such 
8  Beyrichia,  Leper ditia,  Cyiherida,  and  Cyprida  of  various  alliances, 
n  this  part  of  the  Monograph  we  find  13  Cypridtna  (directly  related 
0  the  existing  Cypridina) ;  7  CypridimUa,  9  Cypridellina,  6  Cypri- 
ella,  and  2  Sulcume,  which  are  genera  arranged  artificially  to 
eoeive  several  forms  of  carapace  varying  by  gradational  differences 
rom  the  valves  of  the  known  Cypridina;  2  Cyprella;  1  Brady- 
ineius ;  1  Philomedes ;  and  2  RhomhincB,  of  which  much  the  same 
lay  be  said  as  of  the  foregoing ;  also  4  Entomoconchi,  1  Offa,  and 

Folycopes,  The  definition  of  the  true  Cypridina, — the  true  alloca- 
ion  of  the  several  species  placed  by  De  Eoninck  under  Cyprella, 
^ypridella,  and  Cypridina, — and  a  more  exact  interpretation  of 
l*Coy*fl  Entomoconchtis,  are  (besides  many  new  B^^cve^i^  NXi^  ^^^1 
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novelties  of  thii  memoir,  which  is  illartr«led  by  five  plaiee  (by 
Oeorge  Wett)  rerj  fall  of  ezoellent  figures  of  theee  tmiill  fiMnli. 

IIL  Another  inatolment  (No.  2)  of  Dr.  Ljoett't  "*  Mcmagnph  of 
the  British  Fossil  Trigoniaa"  oonoliides  this  Fasoienlos,  willi  hii 
careful  and  yalaaUe  sooount  of  these  interesting  fossik,  chiefly 
"UndulataB,*'  with  some  '' Olavellata"  and  some  "^bn^"  and  with 
ten  exquisite  plates  of  Jnnssio  Trigonise,  dnwa  by  P.  LaQkeKfaaoer, 
in  Pans. 


S. — ^MOVOOBAPBS  or  THB  PALJEONTOaRAPHIOAL  SoonaPr  VOB  1875. 

VoL  XXIX. 

rE  study  of  fossilized  organic  remains  has  an  e^erJnorassbg 
interest, — to  the  geologist,  because  thereby  he  gets  the  mesnt 
of  distinguiBhing  one  set  of  strata  from  another,  more  aad  more  defi- 
nitely according  to  the  exactness  by  which  the  remaiBa  of  sncoesrive 
creatures  are  discriminated, — to  the  biologist,  because  more  and  more 
of  the  missing  links  of  the  organic  world  in  all  its  stages  are  brought 
to  light, — ^and  to  the  general  observer,  because  he  wishea  tojcnow, 
for  knowledge  sake,  what  manner  of  creatures  were  the  animals  or 
plants  whose  only  reliqs  are  obscurely  enwn^ped  in  the  fossiliteoos 
day  or  stone  whidi  comes  under  his  notice. 

llie  volume  of  Monographs  (voL  xziz.)  issued  by  the  Pjaksonto* 
graphical  Society  for  1875  comprises  1st,  a  communiealioa  (Plut 
iv.)  of  Mr.  Binn^'s  well-illustrated  monographio  study  of  the 
Plants  found  in  the  Ooal-measures  of  Great  Britain.  SigiUaria  and 
tStigmaria  are  the  special  objects  in  hand,  and  are  elucidated  by 
numerous  miorosoopic  observations  on  slices  of  well-preserved  speci- 
mens from  the  author's  rich  collection,  and  beautifully  drawn  by 
Fitch.  He  here  gives  a  bibliographic  summary  of  the  present  state 
of  our  knowledge  on  the  structure  of  Sigillarta  and  allied  plants 
{Anabatkra,  DiplozyUm,  eta)  ;  together  with  further  information  on 
Sigillarta  vaacularia,  Binney,  a  description  of  a  Stigmaria  agreeing 
with  that  plant  in  structure,  and  special  notes  on  the  base  of  Stgil- 
laria  and  the  rootlets  of  Stigmaria.   ' 

2nd. — ^Dr.  Wrightls  continuation  of  his  Cretaceous  Eckinodermatu, 
such  as  the  Echinoconida,  Echinonidaf  EchinobrisBidiB,  Eehinolampidat 
and  Spatangida ;  these  are  illustrated  by  many  excellent  figures  by 
the  late  C.  Bone. 

3rd. — Part  3  of  Dr.  Lycett's  Monograph  on  the  British  fossil 
Trigonia  (beautifully  drawn  by  Leokerbauer).  Like  the  foregoing, 
this  is  very  welcome  to  Britij^  paleeontologists,  whether  they  wish 
to  have  the  natural  history  and  synonymy  of  these  important 
groups  soundly  eettled,  or  to  be  able  to  arrange  their  specimens 
systematically  in  their  cabinets. 

4th. — The  remains  of  Bothriospondylm  from  the  Forest-marble  and 
the  Eimmeridge  Clay  enable  Profl  Owen  to  demonstrate  the  presence 
of  true  Saurian,  and  absence  of  Ornithic  characters  in  this  great 
Reptile.  The  short  Monograph  on  the  genus  CetioaauruB,  pp.  27 — 
43,  concentrates  and  criticizes  what  }ias  been  hitherto  published  on 
this  great  at^uatic  Dinosaur,  as  exemplified   by  the  magnificent 
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tpecimens  of  0.  hngm,  Owen,  in  the  Oxford  Muaeum.  The  fine 
series  of  remains  of  a  gigantic  Oetiosauroid  Dinosaur  {Omosaurus 
armaifu^  Owen),  from  the  Kimmeridge  Clay  at  Swindon,  furnishes 
material  for  a  Monograph,  with  twelve  large  plates  beautifully 
drawn  by  0.  L.  Griesbach;  and  enables  Prof.  Owen  to  enlarge  upon 
the  '*  life  and  affinities  of  Dtnosauria,  as  elucidated  by  the  known 
character  of  OmosatarusJ*  The  classification  of  fossil  Saurians  by 
H.  Ton  Meyer,  and  the  opinions  of  Prof.  Huxley  as  to  the  ornithic 
affinities  of  the  Dinosaurs,  are  criticized  in  detail ;  and  the  relative 
smallness  of  the  fore-legs  of  these  great  Reptiles  is  regarded  as 
analogous  to  that  in  swimming  Crocodiles,  and  not  as  having  refer- 
ence to  an  upright  position  on  their  hind-legs  in  moving  on  the  land. 

4. — ^Monographs  of  thb  Paljbontogbaphioal  Sogistt  fob  1876. 

THE  volume  for  1876  (vol.  xxx.)  has  (Ist)  a  short  Supplement  to 
Prof.Owen's  Fossil  Reptilia  of  the  Wealden  Formation,  in  which  he 
describee  and  illustrates  a  new  species  of  Poikilopleuron  (P.  puailltu, 
Owen),  with  its  cavernous  vertebrsd,  in  which  ossification  had  been 
arrested;  also  a  new  genus  of  gigantic  and  probably  Dinosaurian 
Reptiles,  in  which  such  chondrosid  cavities,  due  to  the  partial  re- 
tainment  of  the  primitive  chondrine,  are  very  characteristia  Two 
species  of  this  great  Chandrosteosaurtu  are  known  from  the  Wealden 
(one  of  them  had  been  previously  referred  to  Bothrionpondylus), 

2nd. — The  British  Fossil  Braohiopoda  are  further  elucidated  and 
systematized  by  Mr.  Davidson,  who  has  enthusiastically  devoted  so 
much  time  and  labour  to  mastering  and  explaining  the  characters  and 
relationships  of  this  most  interesting  group  of  shells.  Those  of  the 
Triassic  and  Jurassic  species  which  had  previously  escaped  notice 
are  now  described,  and  additional  notes  on  those  already  known 
enhance  the  value  of  this  magnificent  Monograph.  Plates  IX.  to 
XVI.  are  given  with  this  portion,  and  illustrate  the  Jurassic  Treien- 
ternta  and  Clistenterata. 

3rd. — H.  B.  Brady's  Monograph  of  Carboniferous  and  Permian 
Foraminifera  (the  genus  FumUxna  excepted),  166  pages,  with  12 
plates,  is  one  of  the  most  exhaustive  and  perfect  Monographs  yet 
supplied  by  the  PalaBontographical  Society.  The  Introduction  t^lls 
of  the  history  of  the  undertaking,  and  enumerates  the  author's  fellow- 
workers  and  helpers.  Under  "  General  Considerations  "  he  tells  us 
of  the  relationship  of  limestones  and  Foraminifera;  pointing  out  that 
only  some  limited  portions  of  the  Mountain-limestone  appear  to  be 
formed  of  Foraminifera  in  the  British  and  West-European  area, 
though  Fustdina  constitutes  enormous  masses  of  that  limestone  in 
Russia  and  North  America.  Indeed,  he  considers  that  there  are  large 
areas  of  this  limestone  where  the  sea  appears  to  have  deposited  its 
excess  of  mineral  constituents  by  chemical  precipitation,  resulting  in 
concretional,  spheroidal,  or  oolitic  structures ;  organic  remains,  if  not 
absent,  having  been  either  dissolved  or  masked.  The  rationale  of 
the  necessary  physical  conditions  and  changes  is  briefly  explained. 
The  occasional  presence  of  Foraminifera  in  prepared  slices  of  the 
British  Carboniferous  and  Permian  limestones  ^for  t\ie%^  ioxrci^Nkiiti^ 
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are  treated  of  together),  and  the  more  frequent  opportonitkB  of 
finding  them  afforded  by  the  diBint^grated  ahaly  wayboardi,  or 
partings,  of  the  limeatone,  are  also  notioed. 

The  **  Zoolopcal  Considerationa,"  of  eepeoial  interest  to  the  Bhizo- 
podist,  compnee  a  oritioal  review  of  von  Benaa'  and  Garpenter^B 
olassifioationa  of  Foraflttm/era,  and  a  general  oompariion  of  the 
generio  forma  known  in  the  Carboniferooa  atrata  with  those  now 
living.  The  oondusions  arrived  at  are — Ist  The  prevalent  forms 
(exoept  FunHina)  in  the  Carboniferons  and  Permian  limestones  do 
not  belong  strictly  to  either  of  the  two  sub-orders  (Imperfaraia  and 
JPerfarata)  into  n^ich  Foramimfera  have  been  divided,  but  to  inter- 
mediate types  (especially  TroeluimmiiM^  Fo/vulma,  Aufottyra,  Nodo- 
mnella,  ana  Staeheia),  neither  invariably  arenaceous  nor  uniformly 
perforate  in  their  shell-texture.  2nd«  In  the  modifications  of  these 
primitive  intermediate  types  there  are  some  varieties  conspicuously 
sandy  and  imperforate,  others  essentially  hyaline  and  porous;  and 
these  varietal  peculiarities  seem  to  have  been  transmitted  as  perma- 
nent characters,  thereby  originating  the  two  parallel  isomorphic 
series.  Srd.  The  poroellanous  imperforate  group  {MiUdida)  is  of 
later  creation,  judging  from  n^ative  evidence.  4th.  The  Permian 
Khizopod-fauna  is  much  more  limited  than  the  Carboniferous,  being 
confined  to  five  generio  types  (TrockamnUua^  Nodonnelk^  Nodo$aria, 
Textularia,  and  Fumdina),  representing,  however,  at  least  four  dii»- 
tinct  families  of  JFbramtm/era,  which  in  the  Carboniferous  rocks  are 
represented  by  fifteen  genera. 

In  the  ''  Geological  and  Geographical "  section,  Mr.  Brady  gives  a 
catalogue  of  the  localities  from  which,  with  the  aid  of  many  friends, 
he  obtained  the  Foraminifera  described  and  figured  in  this  Mono 
graph.  The  exact  geological  horizon  is  duly  indicated,  whenever 
ascertained.  The  North  of  England,  Midland  Counties  and  Wales, 
Bristol  District,  Scotland,  Ireland,  Belgium,  Russia,  and  North 
America  are  the  regions,  subdivided  into  many  districts,  whence 
have  come  the  142  specimens  of  Carboniferous  rocks,  whidi  yielde^l 
Foraminifera  to  Mr.  H.  B.  Brady's  careful,  and  indeed  laborious, 
examination.  Very  many  specimens  of  the  Magnesian  Limestone  of 
England  and  Ireland,  and  the  Zechstein  and  Eupferschiefer  of 
Germany  Lave  been  thoroughly  searched  by  our  indefatigable  author 
for  the  Permian  Foraminifera. 

The  "  Bibliography,"  pp.  61-55,  comprises  the  titles  and  dates  of 
the  books  and  memoirs  referred  to  in  the  Monograph ;  they  reach 
from  1826  to  1876. 

The  following  genera  and  species  are  described  and  figured.  Tlie 
plates  have  been  exquisitely  lithographed  by  A.  T.  Hollick  after  Mr. 
Brady's  drawings : — 


Saccammina,  Sars. 

Carteri,  Brady. 
LiTTJOLA,  Lamarck. 

nautiloideay  Lamarck. 

Benuieanoy  nov. 
Haplopukaqmivm,  Beu08. 

rectum  (Brady). 


Clixacammina,  Brady. 

antiquay  Braidy. 
T&ocHAMMiNA,  Parker  &  Jones. 

ineerta  (d'Orbigny). 

eentrifugay  Brady. 

anreptf  noT. 

aHHuloriSf  HOT. 
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Taochammina,  Parker  &  Jones. 

gordialUj  Parker  &  Jones. 

pusilla  (Geinitz). 

milioloidetf  P.,  J.,  &  K. 

RoberUoniy  noT. 

JUum  fSchmid). 
Valvtmna,  d'Orbigny. 

palitotroehus  (Ehrenb^. 

Tar.  comprtna,  Brady. 

Youngif  Brady. 

var.  eorUraria^  Brady. 

deeurrena,  Brady. 

plieatay  Brady. 

btUloidUy  noT. 

rudity  noT. 
Endothtra,  Phillips. 

^ou;»iiiiit\  Phillips. 

ammonoidety  Brady. 

globulus  (d*£ichwald). 

crasta  (Brady). 

radiata  (Brady^. 

maeelia  (Brady). 

omata  (Brady). 

var.  tenuis f  noT. 

obliqua  (Brady). 

subtilissimaj  noT. 
NoDosiNELi^,  gen.  noy. 

digitataj  noy. 
NoDOSiNELLA,  eylindficay  noy. 

priseilla  (Dawson). 

eoncinnay  noy. 

lingulinoideSy  noy. 
Stacheia,  gen.  noy. 

warginulinoideSy  noy. 

fusiformisy  noy. 

The  exposition  of  the  structure  of  Vahulina  and  Endothyra  and 
their  interesting  subarenaceous  allies,  already  noticed, — and  the  dis- 
covery of  the  Botalines  {Truncatulina,  Fulvinulinay  Calcartna),  and  of 
the  Nummtdtnida,  (ArchadiscuSy  Amphistegtnay  and  Nummulina)  in 
the  Carboniferous  Limestones,  are  some  of  the  most  important  points 
in  this  excellent  Monograph  ;  and  its  value  is  greatly  enhanced  by 
eight  elaborate  Tables,  special  and  general,  showing  in  great  detail 
the  geological  and  geographical  distribution  of  the  58  species,  accord- 
ing to  their  localities  and  stratal  horizons  in  the  many  districts 
whence  they  were  obtained.  A  perfect  Index  for  genera  and  species 
and  their  synonyms  completes  the  volume.  T.  E.  J. 


Stachbia,  gen.  noy. 

pupoideSy  noy. 

acervalis  (Brady). 

etmgetta,  noy. 

polytrematoideSy  noy. 
Laobna,  Walker  &  Jacob. 

Farkerianay  noy. 

Howehinianay  noy. 

L^urianoy  noy. 
NoDosABiA,  Lamarck. 

radieuln  (Linn^). 
Dektalina,  D'Orbigny. 

communiSy  a  Orbigny. 

multieosiatay  d'Orbigny. 
Textxtlaria,  Defrance. 

gibbostty  d'Orbigny. 

eximioy  d'Eichwald. 

Jonesiy  noy. 

trilieumy  Jones. 

multiloeularisy  Reoss. 
BiOEKERiNA,  d'Orbigny. 

patula,  noy. 
Truncatulina,  d'Orbigny. 

earboniferoy  noy. 

Boueanoy  d'Orbigny. 
PuLvnnjLiNA,  Parker  &  Jones. 

BroeckiatMy  noy. 
Calcarina,  d'Orbigny. 

ambigwiy  noy. 
Archjediscus,  Brady. 

Karreriy  Brady. 
Amphisteoina,  d'Orbigny. 

minuta,  noy. 
Nummulina,  d'Orbigny. 

priatina^  Braay, 


I^EI^OI^TS   J^ISTT)   I^I^OOEIEI^IlJTa-S- 


Gkological  Society  of  London. — I. — March  21  st,  1877. — Prof. 
P.  Martin  Duncan,  M.B.,  F.R.S.,  President,  in  the  Chair. 

Tlie  following  communications  were  read  : — 

1.  "On  the  Strata  and  their  Fossil  Contents  between  the  Borrow- 
dale  Series  of  the  North  of  England  and  the  Coniston  Flags."  By 
Prof.  Robert  Harkness,  F.R.S.,  F.G.S.,  Professor  of  Geology  in 
Queen's   College,   Cork,   and  H.   Alley ne  NicUolaoxi,  M..\i.,  '^iS,^.^ 
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FRaE.,  F.O.S.,  Proteaor  of  Natai;al  Histoxy  in  the  UiiiTeraity  of 

St  AndrawB. 

The  objeot  of  this  paper  was  the  inYeetigation  of  the  strata 
between  Uie  great  Toloanic  series  of  the  Lake-distriot|  the  Borrow- 
dale  rooks,  and  the  sedimentaiy  rooks  oalled  Coniston  Flags  by 
Prof.  Sedgwick.  The  Borrowdale  series,  the  Green  Slates  and 
Porphyries  of  Sedgwiok,  are  underlain  by  th^  Skiddaw  Slates, 
forming  the  base  of  the  Silurian  series,  and  equivalent  in  age  to  the 
Arenig  rooks  of  Wales,  according  to  their  fossil  contents.  The 
Borrowdale  rooks  consist  of  ashes  and  breccias,  alternating  with 
ancient  lavas,  and  are  partly  subaerial,  partly  submarine,  lliey 
contain  no  fossils  except  in  a  band  of  calcareous  ashes  near  the 
summit  of  the  group,  which  is  followed  by  the  Conistone  Limestone, 
with  or  without  the  intervention  of  a  bed  of  trap.  The  fossils  ure 
of  Bala  types.  Sometimes  this  band  is  recognizable,  with  no  traces 
of  fossils  except  cavities  filled  with  peroxide  of  iron.  The  authors 
regard  this  as  proving  the  prevalence  of  volcanic  activity  in  the 
Lake  District  up  to  the  later  portion  of  the  Bala  period. 

llie  deposits  spedally  discussed  in  the  paper  sent,  lie,  apparently 
quite  conformablv,  upon  the  Borrowdale  rocks,  and  are  grouped  by 
the  authors  as  follows,  in  ascending  order : — 

1.  Dufton  Shales. 

2.  Coniston  Limestones  and  Shales. 

8.  Oraptolitio  Mudstones  or  Skelgill  Beds. 
4.  Knock  Beds. 

The  "  Dufiton  Shales  "  are  a  well-marked,  but  locally  distributed 
group  of  muddy  deposits,  especially  well  developed  in  the  Silurian 
area  underlying  the  Gross  Fell  range,  where  they  are  seen  in  four 
principal  exposures,  and  their  thickness  probably  exceeds  300  feet. 
They  are  richly  fossiliferous,  the  fossils  being  generally  of  Bala 
types ;  and  they  may  be  regarded  as  forming,  palseontologically,  the 
base  of  the  Coniston  Limestone.  The  fossils  sometimes  occur  in 
ash-beds ;  and  the  continuance  of  these  conditions  leads  the  authors 
to  believe  that  there  was  no  break  between  these  shales  and  the 
underlying  Borrowdale  rocks. 

I'he  '*  Coniston  Limestone  "  has  long  been  recognized  as  the  best- 
defined  division  of  the  Lower  Silurian  rocks  of  the  north  of  England. 
Its  range  and  characters,  and  those  of  the  associated  shales  in 
different  localities,  are  indicated  by  the  authors ;  and  from  the  con- 
tuined  fossils,  they  refer  it,  at  least  approximately,  to  the  horizon  of 
the  Welsh  Bala  Limestone,  whilst  they  regard  it  as  the  precise  equi- 
valent of  the  Lower  Silurian  of  Portraine  (co.  Dublin),  and  of  that 
of  the  Chair  of  Kildare,  both  of  which  are  of  Bala  age. 

The  " Gmptolitic  Mudstones"  overlie  the  Coniston  Limestone, 
wherever  the  summit  of  the  latter  is  to  be  seen.  Besides  Grapto- 
lites,  they  contain  many  other  fossils,  including  Corals,  Brachiopods, 
Cephaloix)ds,  and  Crustaceans;  and  from  the  consideration  of  the 
whole  fauna,  the  authors  are  led  to  believe  that  the  position  of  these 
deposits  must  correspond  either  with  the  highest  beds  of  the  Bala 
series,  or  with  the  lower  portion  of  the  Llandovery  group.     Li  their 
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opinion,  there  is  perfect  oonformity  between  the  Mudstonee  and  the 
underlying  Goniston  LimeBtone.  They  regard  the  Graptolitio  Mud- 
stones  as  constituting  a  definite  geological  horizon  of  more  than 
local  importance,  as  they  have  been  recognized  in  Ireland,  Sweden, 
Carinthia,  and  Bohemia. 

The  Graptolitio  Mudstones  are  succeeded  by  the  "  Knock  beds," 
so  called  from  their  great  development  in  Swindale  Beck,  near 
Knock.  Wherever  they  oocar^  they  consist  chiefly  of  pale-green, 
fine-gi*ained  slates,  very  ashy  in  appearance,  and  presenting  many 
dendntes,  and  frequently  crystals  of  cubic  pyrites.  There  is  no 
evidence  of  unconformity  between  them  and  the  underlying  Mud- 
stones.  The  former  contain  scarcely  any  fossils.  They  are  directly 
surmounted  by  the  **  Coniston  Flags,"  representing  the  Denbighshire 
Flags  of  North  Wales,  which  have  been  shown  to  be  of  Upper 
Silurian  age.  Henoe  the  authors  conclude  that  the  Knock  beds 
must  be  either  the  basement  series  of  the  Upper,  or  the  summit 
series  of  the  Lower  Silurian,  or  else  a  group  of  passage-beds  between 
the  two.  The  palaeontological  evidence  is  insufficient  to  settle  the 
point,  but  it  tends  to  show  that  the  Knock  beds  are  at  the  base  of 
the  Upper  Silurian,  an  opinion  which  is  corroborated  by  their 
lithological  resemblance  to  the  Tarannon  slates  of  Wales. 

The  paper  coneluded  with  an  appendix  on  the  Irish  rocks  referred 
to  above. 

2.  "On  a  new  Area  of  Upper  Cambrian  Hocks  in  South  Shrop- 
shire, with  the  Description  of  a  new  Fauna."  By  0.  Callaway,  Esq., 
M.A.,  F.G.S. 

The  purpose  of  the  author  was  to  prove  that  certain  olive,  mica- 
ceous, thin-bedded  shales  exposed  at  Shineton,  near  Cressage,  and 
covering  an  area  of  eight  miles  in  length  by  two  in  the  greatest 
breadth,  which  had  been  mapped  as  Caradoc  in  the  survey,  were  of 
Tremadoc  age.  'Ihey  were  seen  clearly  to  underlie  the  Hoar  Edge 
Grit,  the  lowest  beds  in  the  district,  with  Caradoc  fossils ;  and  no 
rock  distinctly  underlying  the  shales  could  be  detected.  The  evi- 
dence for  their  age  was  chiefly  palaeontological.  With  the  exception 
of  Asaphus  Homfrayiy  a  Tremadoc  form,  the  species  are  new. 
Genera  such  as  Olenua,  Conocoryphe,  Obolella,  and  Lingulella, 
suggested  a  very  low  horizon,  but  two  Asaphoid  forms  (though  not 
typical  Asaphi)  pointed  in  an  opposite  direction.  Corroborative 
evidence  was  found  in  a  correlation  of  the  shales  at  Shineton  with 
the  Dlctyonema'ShaXeB  at  Pedwardine  and  Malvern.  It  was  shown 
from  lithological  characters  and  from  fossils  that  the  shales  at  the 
three  localities  were  of  the  same  age ;  and  as  the  beds  at  Pedwar- 
dine and  Malvern  were,  on  their  own  testimony,  admitted  to  be  of 
lAngula-Aag  or  Tremadoc  age,  the  Shineton  shfdes  were  inferred  to 
be  on  the  same  horizon,  the  Asaphids  leading  the  author  to  adopt 
the  younger  of  the  two  formations.  He  was  of  opinion  that  the 
Black  Shales  of  Malvern  (Dolgelly  beds)  were  not  represented  in 
the  Shineton  area.  He  announced  the  discovery  of  the  Hollybnsh 
Sandstone,  forming  a  continuous  band  between  the  Shineton  Shales 
and  the  Wrekin  axis,  recognized  by  the  occuixeueib  ol  KxkXoT^'uoi 
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cingulata^  and  pibbaUy  separated  from  the  ahalee  by  a  fault 
also  afforded  oorroboratiye  evidenoe  of  the  identity  of  the  Dieinenewia 
shales  with  the  shales  at  Shineton. 


n.— April  11th,  1877.— Prof.  P.  Martin  Donoaa,  MA,  F.EA, 
President,  in  the  Chair. 

Shells  ftom  raised  beaches,  Blaokdiff  Bay  and  Port  Fonlke,  1st 
82^  36'  N.,  were  presented  to  the  Masemn  by  Lieot  QeorgB  le  Clere 
Egerton,  RN. 

The  following  oommanications  were  read  :^- 

1.  ''On  Sandwom  Stones  from  New  Zealand."  By  John  J>. 
Enys,  Esq.,  F.OJ3. 

The  author  exhibited  speohnens  of  sandwom  pebbles  from  near 
Wellington  in  New  Zealand,  and  described  their  mode  of  ooonrrenoe. 
They  are  foand  on  an  isthmus  rising  but  little  above  the  sea,  and 
about  a  mile  wide,  and  having  on  each  side  a  line  of  low  sand-hills, 
separated  by  a  flat  space  of  clayey  sand,  on  whieh  the  stones  rest 
The  isthmus  separates  two  bays,  on  each  side  of  which  the  ground 
is  high,  and  hence  the  prevailing  winds  (which  are  north-west  and 
south-east)  blow  across  the  isthmus  with  considerable  force,  and 
carry  with  them  a  doud  of  sand,  which,  on  a  windy  day.  forms 
a  dense  mass,  reaching  about  to  the  knees  of  a  person  walking  over 
the  ground.  The  passage  of  this  moving  sand  over  the  stones  or 
pebbles  lying  on  Uie  surfiEUse  wears  them  away  so  as  to  give  them 
sloping  sides,  and  even  to  bring  them  to  an  angle  or  ridge  running 
along  the  upper  surface,  the  direction  of  the  longer  axis  of  the  stone 
with  respect  to  the  prevailing  wind  governing  the  particular  form 
assumed  by  the  worn  stone.  Where  veins  of  harder  material  occur 
in  the  stones,  these  are  left  projecting  from  the  surface,  and  are 
sometimes  even  undercut 

2.  ''The  Bone-caves  of  Creswell  Crags."— Third  Paper.  By  the 
Kev.  J.  Magens  Mello,  M.A.,  F.G.S. 

In  this  paper  the  author  gave  an  account  of  the  continued  explora- 
tion of  these  caves,  and  of  Uie  completion  of  the  examination  of  the 
Bobin  Hood  Cave,  noticed  in  his  previous  communications.  Five 
deposits  could  be  distinguished  in  the  Eobin  Hood  Cave,  namely, 
when  all  present : — 

1.  Stalagmite,  2  ft. 

2.  Breccia,  with  bones  and  flint  implements,  1  ft  6  in. 

3.  Cave-earth,  with  bones  and  implements,  1  ft  9  in. 

4.  Mottled  bed,  with  bones  and  implements,  2  ft 

5.  Bed  sand,  with  bones  and  quartzite  implements,  3  fL 
Variations  both  in  thickness  and  in  character  occur  in  difierent 

parts  of  the  cave.  The  surface-soil  yielded  traces  of  Bomano- British 
occupation,  such  as  enamelled  bronze  fibulsd,  fragments  of  pottery, 
&o.  The  most  importent  discoveries  were  made  in  the  cave-earth, 
and  chief  among  these  was  a  fragment  of  bone,  having  on  it  a  well- 
executed  outline  of  the  head  and  neck  of  a  horse,  the  first  recorded 
discovery  of  any  such  work  of  art  in  this  country.  The  cave-earth 
also  jielded  a  canine  of  Machairodua  latidens,  hitherto  obtained  in 
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^England  only  in  Kent's  Hole.  Numerous  remains  of  the  Pleistocene 
nmrnmnlia  already  recorded  were  found,  together  with  a  great 
number  of  implements  of  quartzite  and  flints,  and  two  of  clay  iron- 
stone. The  quartzite  implements  were  most  abundant  in  the  lowest 
bed. 

In  the  other  cave  examined,  the  Church  Hole,  which  consists 
principally  of  a  long  fissure  in  the  south  side  of  the  crags  opposite 
Robin  Hood's  Cave,  the  succession  of  beds  was  nearly  the  same  as 
in  the  latter.  In  the  surface-soil  near  its  mouth  a  fine  bronze 
brooch  was  found.  Some  of  the  implements  met  with  in  the  cave- 
earth  were  of  great  interest,  and  several  of  them  were  of  bone. 
Bones  of  Ehinoceros  were  found  in  great  abundance ;  and  those  of 
the  Mammoth,  Horse,  etc.,  were  also  plentiful 

As  the  result  of  the  exploration  of  these  caverns,  the  author  said 
it  is  evident  that  during  the  Pleistocene  period  Derbyshire  and  the 
adjoining  counties  were  inhabited  by  a  very  numerous  and  diversified 
fauna,  the  vast  forests  and  ptistures  which  extended  far  to  the  east 
and  south  offering  a  congenial  home  to  the  Mammoth,  the  Woolly 
Rhinoceros,  the  Hippopotamus,  the  Irish  Elk,  the  Eeindeer.  the 
Bison,  and  the  Horse,  whilst  among  them  the  Hyaena,  the  Glutton, 
the  Bear,  the  Lion,  the  Wolf,  the  Fox,  and  the  great  sabre-toothed 
MachairoduSf  roamed  in  search  of  prey;  and  that  with  these  and 
other  animals  man  lived  and  waged  a  more  or  less  precarious 
struggle,  amidst  the  vicissitudes  of  a  varying  climate,  sheltering 
himself  in  the  numerous  caves  of  the  district,  which  were  already 
the  haunts  of  the  hyaena  and  its  companions. 

3.  "  On  the  Mammal-fauna  of  the  Caves  of  Creswell  Crags."  By 
Prof.  W.  Boyd  Dawkins,  M.A.,  F.R.S.,  F.G.S. 

In  this  paper  the  author  gave  an  account  of  the  remains  found  in 
the  caves  explored  by  the  Rev.  J.  M.  Mello.  He  stated  that  the 
recent  explorations  had  proved  that  the  Robin  Hood  Cave  was 
inhabited  by  Hyaenas,  not  only  during  the  deposition  of  the  cave- 
earth  and  breccia,  but  also  during  that  of  the  red-sand  clay  under- 
lying it,  which  had  also  furnished  traces  of  the  existence  of  man. 
An  immense  number  of  specimens  were  collected  in  this  cavern, 
including  bones  of  the  following  animals: — Machairodua  latidensj 
Cave-Lion,  Wild  Cat,  Leopai-d..  Spotted  Hyaena**,  Fox*>,  Wolf,  Bear, 
Reindeer*,  Irish  Elk**,  Bison**,  Horse**,  Woolly  Rhinoceros**, 
Mammoth**,  and  Hare^ ;  those  marked  with  **  occurring  in  the 
red  sand  and  clay  as  well  as  in  the  cave-earth,  although  much  more 
sparingly.  The  traces  of  man  consisted  of  more  than  1000  imple- 
ments ;  and,  as  before,  those  made  of  quartzite  were  generally  found 
in  the  lower  strata.  The  most  important  indication  of  human 
handiwork  was  the  outline  of  the  head  and  fore-quarters  of  a  horse, 
engraved  upon  the  fragment  of  the  rib  of  some  animal.  Among 
the  animal-remains  the  most  interesting  discovery  was  that  of  a 
canine  of  Machairodus  latidens ;  it  consisted  of  the  sabre-shaped 
crown  only,  which  appeared  to  have  been  purposely  broken  away 
from  the  root. 

The  superficial  layer  of  earth  in  the  cave  Gontained  x^m^xi^  Vt^ 


288  ChrreqHmd€9H»—B.  Wthon. 

longing  to  the  historio  and  prehittorio  ages,  inclnding  a  Bomano- 
Bridsh  enamelled  bronze  brooch,  of  the  lame  pattom  as  one  found 
in  the  Victoria  Ca^e ;  fragments  of  pottery,  human  bones  and  teeth, 
and  bones  of  both  wild  and  domestio  animals 

The  distribation  of  the  remains  found  in  the  Ohnroh  Hole  Gave 
agreed  generally  with  that  above  described ;  traces  of  human  occu- 
pation and  remains  of  the  Hyaena  occurred  both  in  the  caYO-earth 
and  in  the  red  sand  and  day.  The  bones  found  indicated  the 
following  animals : — Lion,  Polecat,  Hynna,  Foz,  Wolf,  Bear,  Bein- 
deer,  Irish  Elk,  Bison,  Horse,  Woolly  Bfainooeros,  Mammoth^  and 
Hare — all  common  to  both  the  caTc-deposits,  except  the  Lion,  which 
was  found  only  in  the  cave-earth,  and  the  Polecat,  of  which  a  single 
jaw  occurred  in  the  red  sand.  The  latter  contained  a  larger  propor- 
tion of  the  remains  than  in  the  Bobin  Hood  Cave,  but,  as  in  the 
latter,  the  quartsite  implements  were  more  abundant  in  the  lower 
strata  of  the  deposits.  Among  the  articles  of  human  workmanship 
was  a  perfect  and  well-shi^wd  bone  needle.  The  superficial  soil 
of  the  Uhurch  Hole  Cave  also  oontamed  artidee  of  the  historic  and 
prehistoric  age,  including  a  bronze  fibula,  fragments  of  pottery 
(one  medisBval),  and  bones  of  man  and  animals.  From  the  pre- 
sence of  these  objects  in  the  surface-soil  the  author  inferred  that 
the  caves  of  Oreswell  Crags,  like  those  of  Yorkshire  and  else- 
where, were  used  as  places  of  refuge  by  the  Brit- welsh  during  the 
conquest  of  the  country  by  the  English. 

After  noticing  the  conditions  of  the  fossil  bones  found  in  the 
caves,  the  anther  proceeded  to  remark  upon  the  general  results  of 
the  explorations  with  r^ard  to  their  Pleistocene  fauna,  and  con- 
cluded that  there  is  no  evidence  from  these  or  other  caves  in  this 
country  to  prove  that  their  faunas  are  either  pre-  or  interglacial, 
and  that  we  have  no  proof  of  the  existence  of  pre-  or  interglacial 
man  in  Britain. 


THE   MAGNESTAN   LIMESTONE   AND    NEW    KED   SANDSTONE    IN 
THE  NEIGHBOURHOOD    OF    NOTTINGHAM. 

Sir, — Assuming  that  I  am  one  of  the  "  local  geologists  "  referred 
to  by  Mr.  Aveline  in  bis  notice  on  the  above  subject,  published  in 
the  April  Number  of  the  Okolooical  Maoazins,  I  roust,  speaking 
for  myself  alone,  take  exception  (1)  to  his  definition  of  my  position, 
and  (2)  to  the  necessity  for  the  inference  that  he  draws  from  facts 
iu  themselves  not  open  to  question.  In  a  paper  on  the  Permians  of 
this  district,  Q.  J.  G.  S.  Nov.  1876,  I  briefly  referred  to  a  series  of 
sandstones,  marls,  and  breccia,  that  I  had  long  since  noticed  in  the 
neighbourhood  of  Nottingham  to  intervene  between  the  typical 
Lower  Buntor  (/')  and  the  Middle  Permian  marls  (e*).  On 
account  of  their  combining  the  textural  characters  of  both  these 
sub-formations,  it  became  extremely  difficult  to  relegate  them  to  one 
or  the  other ;  and  some  geologists  were  inclined  to  class  them  as 
passage-beds.     In  the  above  paper  and  accompanying  section  it  was 
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my  intention  to  refer  to,  but  not  to  sanction  this  idea,  as  an  impartial 
critic  will,  I  think,  readily  perceive.  To  speak  candidly,  these  beds 
require  further  study  before  their  precise  relationship  can  be  satis* 
factorily  determined. 

While  by  no  means  prepared  to  affirm  that  "  a  perfect  conformity 
exists  between  the  Magnesian  Limestone  and  the  New  Red  (meaning 
Bunter)  Sandstone  in  the  N.E.  of  England,"  I  differ  widely  from 
Mr.  Aveline,  in  his  view  that  there  is  proof  of  a  great  break  between 
these  formations.  In  support  of  this  position,  he  cites  the  successive 
overlaps  of  the  Upper  Permian  Marls  and  Limestone,  Middle  Marls 
and  LK)wer  Limestone,  by  the  Banter  Sandstone,  going  south,  from 
the  district  north  of  Worksop,  to  the  latitude  of  Nottingham. 

But  has  it  ever  occurred  to  him  that  all  these  cases  may  be  of  the 
nature  of  conformable  overlaps  ?  My  own  experience  of  the  Marl 
Slate,  Lower  Magnesian  Limestone,  and  Middle  Marls  of  this  dis- 
trict, founded  on  accumulated  data,  not  attainable  in  Mr.  Aveline's 
time,  convinces  me  that  there  is  a  general  tendency  in  these  sub« 
formations  to  attenuate  inter  se,  as  also  to  become  coarser  in  texture, 
when  followed  from  the  north  or  north-east  towards  the  south  or 
south-west  To  cite  one  or  two  instances  of  this.  The  attenuating 
Lower  Magnesian  Limestone,  which,  for  the  last  few  miles  of  its 
southern  extension,  has  become  in  great  part  a  f  aggy,  sandy,  and 
even  conglomeratic  rock,  dies  out  as  a  coarse  breociated  littoral 
deposit  The  Middle  Marls  ^  have  just  previously  faded  away. 
Simultaneously,  the  Marl  Slate  series  has  diminished  from  60  or  70 
feet  of  shales  (mostly),  to  20  feet  of  sandstones  (mostly),  and  from 
that  to  nily  when  the  basal  Permian,  a  coarse  breociated  rock,  comes 
directly  beneath  the  last  degraded  relic  of  the  Magnesian  Limestone.' 
These  facts  in  ray  opinion  point  to  the  existence  of  an  inter- Permian 
marginal  barrier  immediately  to  the  south,  and  somewhat  more 
remotely  to  the  west,  and  to  successive  synchronous  increments  of 
subsidence  in  the  opposite  directions. 

I  do  not  believe  that  any  of  the  above  rock  series  ever 
stretched  appreciably  further  south  than  they  do  now.  Extending 
this  reasoning  to  the  Upper  Magnesian  Limestone  and  uppermost 
Permian  Marls  (as  to  which  my  data  is  admittedly  more  limited), 
I  would  suggest  that  they  never  extended  appreciably  further  south 
than  they  respectively  do  now,  and  that  their  southerly  disappear- 
ance is  due  to  analogous  causes.  Successive  increments  of  subsidence 
in  a  north-easterly  direction  will  account  for  these  phenomena. 
Inter-Bun ter- Permian  denndations  will  not  Small  local  irregu- 
larities undoubtedly   exist  between  the    Lower  Bunter  and  (the 

'  The  persistent  outcrop  of  this  thin  and  denudable  series  between  the  Mag- 
nesian Limestone  and  JiOwer  Bunter  formations  negatives  the  idea  of  any  great 
amount  of  denudation  between  these  two  periods  in  this  neighbourhood. 

'It  thus  appears  that  the  Magnesian  Limestone  overlaps  its  own  Marl  Slate  bflsc, 
with  which  it  appears  to  be  perfectly  conformable.  Yet  no  one  supposes  there  is  a 
'•great  break  "  between  them.  Had,  however,  this  overlap  been  concealed  by  a  cloak  of 
Lower  Bunter,  that  formation,  and  not  the  Magnesian  Limestone,  would  have  been 
credited  therewith,  and  the  fact  cited  as  an  additional  proof  of  the  great  break 
between  the  Permian  and  New  Red  Sandstone  periods. 
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mai^Dal)  portions  of  oextain  of  tbe  Permian  sub-divimons  owing 
to  the  minor  oeoillationB,  resalting  in  partial  failures  of  deposition 
and  paltry  denudations,  to  irhich  all  shallow-water  deposits  of 
limited  thiokness  are  liable.    These  were,  however,  probably  mostly 
inter-  rather  than  post-Permian.    Suoh,  for  instance,  are  the  caHes 
mentioned  in  the  Survey  Memoirs,  near  Mansfield  and  Tadcaater, 
where  Middle  Permian  Marls  rest  on  an  eroded  surfiaoe  of  the  Lower 
Magnesian  Limestone,  whioh  at  the  former  plaoe  is  full  of  fedse 
bedding,  and  at  both  exhibits  signs  of  having  been  sufficiently  close 
to  the  sur&ee  to  have  locally  curtailed  or  even  entirely  excluded  the 
deposition  of  the  Middle  Marls.     I  would  insist  on  the  importance 
of  discriminating  between  what  is  the  result  of  contemporaneous 
influences  (great  and  small),  and  what  of  subsequent  causes,  in 
limiting  the  extension  of  the  Permian  formations.    If  we  consent  to 
exclude  all  evidence  that  is  not  provably  post-Permian,  I  think  we 
have  yet  to  learn  the  grounds  for  considering  that  there  was  in  the 
above  district  any  **  considerable  break  "  between  the  Permian  and 
the  Bunter. 

It  is  with  no  small  gratification  that  I  find  so  eminent  a  Govern- 
ment Surveyor  as  Mr.  Aveline  is  willing  to  admit  that  the  great 
break  in  this  district  is,  as  I  have  laboured  in  my  paper  to  show,  at 
the  bottom  and  not  at  the  top  of  the  Permians,  and  that  he  has 
become  converted  to  the  opinion  that  .the  "  Lower  Bed  Sandstone  " 
is  a  myth.  E.  Wilson. 

Nottingham,  16M  April,  1877. 


MONOGRAPH  ON  BRITISH  CARBONIFEROUS  GANOIDS. 

Sir, — Will  you  kindly  permit  me,  through  the  medium  of  your 
Journal,  to  correct  and  apologize  for  a  very  awkward  blunder,  which 
occurs  in  the  first  part  of  my  monograph  on  British  Carboniferous 
Ganoids,  recently  published  by  the  Palseontograpliical  Society  ?  In 
the  Introduction  I  have  advocated  the  retention  of  the  Dipnoi  as  a 
distinct  order  of  fishes ;  but  at  p.  41,  in  a  manner  unaccountable  to 
myself,  for  I  certainly  did  not  mean  it,  I  have  included  them  as  a 
suborder  of  the  Ganoidei.  That  this  "slip  of  the  pen"  was  not 
detected  in  the  revision  of  the  proofs  must  have  been  due  to  an 
amount  of  carelessness,  of  which  I  am  justly  ashamed. 

April  2.  R.  H.  TraQUAIB. 

Carbon IFEB0U8  Ganoid  Fibhbs. — Ebbata. 

rage    7,  line  24,  delete  **  which." 

12  „  11,/ar  •*Egerton*'r«a^*'Agas8iz." 

1 4  „  3,  for  *•  interclavicular  *'  read  "  infraclavicular." 

16  „  28,  insert  rt  "  ( *•  brfore  "  Eloniehthy»:* 

28  „  34,  for  "  or  "  read  »*  on." 

38  „  31,  for  *•  centre  "  rend  »*  centra." 

41  „  34,  deUte  '*  Suborder  I.  Dipnoi." 

41  p  35, /or  «•  II."  read  "  Suborder  I." 

41  ,,  36,/or '*III."  rMrf»*II." 

42  „      4,/or"IV."rMrf"III." 
42  „      6,/or"V."rMrf*'IV." 
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I. — FUBTHEB   CONTBIBUTIONS   TO   BRITISH   CaBBONIFIBROUS 

Paljeontology. 

By  B.  Etheridoe,  Junior,  F.G.S. 

(PLATE  XII.) 

Class  Lahbllibranchiata.     Genus  Peoten,  Brugui^re. 

Fecten  {Amussiumf)  Sotoerhii,  M*Coy.     Plate  XII.     Figs.  1-3. 

IN  the  Geologioal  Magazine  for  July,  1874/  I  gave  a  description 
and  figures  of  this  species,  and  also  that  of  a  shell  I  referred 
with  some  hesitation  to  Aviculopecten  elHptictu,  Phillips,  closely  re- 
sembling the  forms  referred  to  P.  Sowerhii,  but  differing  in  the  form 
of  the  ears,  which  are  after  the  normal  type  of  the  Fectinidddt  and  not 
connate,  with  a  re-entering  angle  between  them,  as  in  F.  Sowerhii. 
In  the  above  description,  and  in  a  note  succeeding  it,'  I  stated  that  I 
had  seen  traces  of  the  characteristic  v-striae  of  P.  Sowerhii  on  the 
shells  referred  by  me  to  A.  ellipticus,  I  had  at  the  time  some  doubts 
in  my  own  mind  as  to  the  propriety  of  the  reference  of  these  shells 
to  A»  elliplicus,  Phill.,  and  now,  after  consideration  and  examination 
of  a  further  large  series  of  specimens,  I  am  convinced  that  the  shell 
I  figured  as  A,  elliplicus  is  nothing  more  than  the  opposite  valve  of 
P.  Sowerhii,  M*Coy ;  and  that  I  was  too  hasty  in  placing  it  under  the 
name  of  Phillips's  shell.  In  other  words,  one  valve  of  F,  Sowerhii 
has  the  ears  connate,  with  a  re-entering  angle  between  them,  and  the 
shell  very  frequently  showing  the  V-strise  (Fig.  1) ;  the  other  has  the 
ears  after  the  usual  form,  and  the  shell  only  occasionally  showing 
the  peculiar  striae  (Figs.  2  &  3).  Both  forms  are  constantly  associated 
together,  often  to  the  exclusion  of  other  members  of  the  Feciinida, 
and  they  exhibit  several  characters  in  common  with  one  another, 
such  as  puckering  or  shiivelling  of  the  shell,  the  lateral  grooves 
from  the  beaks,  and  the  ears,  although  differing  in  form,  still  striated 
similarly.  If  a  glance  is  given  at  one  of  my  former  figures,''  a  point 
I  then  neglected  to  draw  attention  to  will  become  apparent,  viz. 
that  there  is  a  decided  indication  in  the  ears  of  the  figure  that  the 
specimen  represents  the  compressed  valves  in  apposition.  My 
colleague,  Mr.  W.  Hellier  Baily,  has  given  a  figure*  of  this  species 
which  corroborates  my  reading  of  the  subject.  His  figure  exhibits 
the  simple  small  ears,  and  the  shell  without  v-striaB,  but  having  some 

»  Dec.  II.  Vol.  I.  p.  300,  PI.  XIII.  Figs.  1  and  2.  *  p.  304. 

»  l.e,  PI.  XIII.  Fig.  1.  *  Figures  Char.  Brit.  Foes.,  yol.  i.  ^\.  ^^,H«^. 

DECADE   U. — you   IT.—JfO,  TI.  \^ 


Dr,  .1.  -; 

I'..I1mw-. 


s. 
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iiiigs  presen-eil  on  it.  In  an  intereetiiig  p«per 
III  Kew  and  Peculiar  MoUusca  of  the  Peela, 
ruilits  iirooured  in  the  '  Valorous'  Espedition,"' 
^-1,  F.Ii.S.,  re-defines  the  genus  Aviiumim  tt 
nival ve,  more  or  less  circular,  flattened,  smoolli 
iimI,  furnished  inside  with  slight  ribs,  vhidi 
;i',  and  are  not  impreBBions  of  outside  markings, 

I'iia  referred  by  Prof.  M'Coy  in  bia  second  de- 
!'  to  the  genua  AmtuMum,  a  reference  -which  ie 
ii'ui'd  bj  the  inequality  which  must  exist  from 
Hill  ears  in  the  two  valvea,  and  by  the  morear 
il.ittened  form.  To  compilete  the  analogy  wo 
'litir  radiating  ribs,  which  have  not  yet  come 
'..iliim  in  this  species.  There  are  alio  certain 
I1II4  J'teud-amuasinm,  to  which  it  bas  t)eea  referred 
k,'  liut  even  more  so  with  the  genus  Enlolwm, 
Kud  nn  opportunity,  through  the  kindness  of  my 
M:.S.,  of  seeing  Hayden'B  Final  Report  on  tke 
III/  of  Nebraska,  in  which  Mr.  Meek  gives  a 
:i,<,i  {P.:<:l.-,i)  ai-icuhUim,  Swallow-.'  TIjo  p;™"* 
■lI  by  yh\-k  nil  /V-'/.i.  <'.'mj'..,sF,,-..  I'hill.,  .■ili  I  lolit... 
■ifir  iiin.'n  Mvui-Hn.-.   well    ll-lired  bv 
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bat  in  my  former  desoription  of  P,  Scwerbii  I  notioed  a  number  of 
fine  lines  to  be  seen  in  tbe  substanoe  of  tbe  shell  rather  than  on  it, 
especially  when  the  shell  is  held  at  an  oblique  angle.  Through 
the  kindness  of  Mr.  A.  Patton  I  am  now  able  to  figure  this  (Fig.  1). 
Mr.  Meek  further  remarked  on  the  presence  of  the  v-strisd  nearly 
always  on  one  valve  only — a  character  particularly  coinciding  with 
oar  shell,  and  adds  that  the  v-strise  are  possibly  a  '*  sort  of  effort 
at  internal  markings,  of  a  very  different  kind,  but  in  some  respects 
analogous  to  the  internal  costas  of  iimtMatiim.*' 

Grenus  Aviculopbotbn,  M'Coy,  1851.  (Annals  Nat  Hist.,  vii.  p.  171-) 
Avictdopecten  papyraeetu,  Sow.     Plate  XII.     Figs.  4  and  5. 

Obs. — I  give  a  figure  of  one  of  several  specimens  well  preserved 
in.  a  dark  limestone  from  the  Eoglish  Lower  Ooal-measures.  The 
extreme  variation  in  the  ribbing  of  the  same  individual  is  remai'k- 
able.  The  flattened  spaces  between  the  primary  ribs  or  ridges  are 
sometimes  plain,  or  subdivided  by  one  large  interpolated  rib  from 
the  margin,  which  does  not  reach  the  beak,  or  by  two  smaller  ribs 
which  ultimately  unite  and  become  one.  In  the  case  of  the  last- 
named  variation,  the  two  interpolated  ribs  are  separated  by  a  less 
space  than  separates  each  of  them  from  its  contiguous  primary  ribs. 
The  specimens  before  me  are  all  left  valves,  and  have  the  anterior 
ear  ornamented  with  from  five  to  six  radiating  ribs.  Thp  posterior 
margins  of  all  but  one  specimen  are  rounded,  and  form,  with  the 
hinge-line,  well-marked  but  obtuse  angles.  In  the  exception  the 
posterior  margin  is  slightly  sigmoidally  curved,  and  the  posterior 
wing  slightly  pointed. 

Loc,  and  Horizon, —  Lower  Lomax,  Bury  by  Bolton-le-Moor, 
Li^incashire,  in  a  dark  limestone  of  the  Lower  Coal-measures.  Coll. 
MtiB,  PracU  GeoL,  London. 

Genus  Anthraoomya,  Salter,  1861.     (Iron  Ores  of  Great  Britain  ; 

Moms.  Geol.  Survey,  p.  229.) 

^nthracomya  PhilUpsii,  Williamson.     Plate  XII.    Figs.  6  and  7. 

Vnto  PhiUiptii,  Will.,  1836 :    Phil.  Mag.  vol.  ix.  p.  351.     (Without  description.) 

ZTHio  linguiformUy  PhUlips,  1839  ;    Murchison's  Silurian  System,  p.  88. 

Modiola  sp.,  fiinney,  1855 ;    Mems.  Lit.   Phil.  Soc.  Manchester,  2nd  ser.,  vol.  xii. 

p  221,  npte.     (Without  description.) 
jLnihracomya  PhiUipsiij  Huxlev  and  Etheridge.  1865  ;   Cat.  Foss.  Mus.  Pract.  Geol. 

pp.  157  and  160.     (Without  description.) 
Jones,  1870;    Geol.  Mao.  Vol.  VII.  p.  217,  PI.  IX.  Figs. 

3  and  18. 

Sp.  Chars. — Transversely-obliquely-oval,  modioliform,  elongated 
ia  the  direction  of  the  diagonal.  Anterior  end  small,  its  margin 
rounded ;  posterior  end  mucli  higher  than  the  anterior,  with  a  long 
obliquely  truncated  margin,  forming  by  its  union  with  the  hinge-line 
an  obtuse  angle.  Hinge-line  straight,  almost  half  the  length  of  the 
diagonal  of  the  shell ;  ventral  margin  convex,  becoming  straight 
anteriorly  and  passing  up  obliquely  to  tbe  anterior  end,  when,  if 
continued  to  meet  the  dorsal  margin  in  a  direct  line,  a  very  acute 
au^le  would    be  formed.      Beaks  anterior,  almoat  tj&ircim^V,  n^t^ 


■2  I  f     /,'.  J-://i,  rlil.j. ,  -I'Du—Coniribvlions  to  Bn'tuh  Palatoatology. 

iiiiiii-ily   riiumlcil  jiiiil  inconspicuous;    in  tlie  uncrushed  condition 
il.i  II    is  jiniliiililv  a  mora  or  leas  blunt  diagonal  ridge.     Omamen- 

iiiinr ^^i•-liIln■  lit'  eoncenfric  wrinkles  and  finer  Btrite  betwMU 

iImim  ;  III!  ilii.'  iii]i.)iiir  und  there  aro  traces  of  a  further  transverse     1 

'  ''■-,  — .  (,  PhUh),-::  wits  first  noticed  by  Prof.  W.  C.  WiUiaineOTi,!!     | 

till-  - ii'l  ii.iri  111'  liiri  |i.i]ier"On  )he  Litnestones  found  in  the  Viirinity 

.<r  "M.iiii  li,-i.r."  ,is  ;,  ■'  Unioof  small  size."  He  adds:  "The  shell 
iMMi-  I  ■lu-'iili  i.il  Iv  111  aize,  being  Bonietiraea  one  inch  and  a  half  in 
I.  i..;l,  mil  ;i!  Mih.'rK  not  more  tbnn  three-fourths  of  an  inch.  The 
lii  |ii  I  >--i  il  .'iiiil  1  iii«1ji  il  slate  in  which  these  fossils  are  found  would 
iiiili.Mii'  :i  -lii-ll    111'   il  Ihin  and    fragile  nature."      The   shell  was 

ii:i 1  r^.i,.  J'l,ili;,..U  iu  honour  of  Dr.  C.  Phillips  of  Manchester. 

Ill  .1  lirdT  liniiiihi'  hd::  Prof.  Phillips  quoted  by  Sir  K.  I.  Murchifion 
in  )ii~  -'Siliii'iiLii  .S\.-.ti.'iu,"  this  shell  is  s{xikcn  of  as  Uaio  Un^ai- 
/'.,:.;.<.  anil  ;l  liiiff  J-'-smptiou  is  given.  Mr.  K.  W.  Binney,  F.K.S., 
I'l'i.iiMil  AiiUirncuiiiift  J^hillipgii  iu  reil  and  greenish  mottled  clays 
iii:ir  i!k'  ,jiiiii.'tiMU  of  the  Coal-measures  and  New  Red  Sandstone 
iu  ili<>  V.illi'j  III'  the  Biver  Medlock,  near  Maachester.  He 
:imo  of  Modiola  sp.,  to  which  genua  ho  oon- 
fiinilition  lo  Ijcnr  the  createat   re'^enjlilinut'. 
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1M8,  p.  204,  %.  44.  AfUhracomya  (Ifaiaditss)  ImvU,  Salter,  Qaart.  Joarn.  Geol. 
Soe.,  1863,  Tol.  xiz.  p.  79,  fig.  2.  Abo  Unio  nuciformity  Hibbert,  Trans.  £.  Soc. 
£duib.,  1836,  toI.  xiu.  p.  245.) 

8p»  Chars. — Obliquely-broad-ovate,  flattened,  abruptly  truncated 
along  the  dorsal  margin.  Anterior  end  rounded ;  posterior  end  pro- 
duced Yentrally,  its  margin  obliquely  rounded.  Hinge-line  not  so 
long  as  the  shell,  passing  insensibly  into  the  oblique  posterior 
mai^gin.  Umbones  anterior,  but  not  terminal,  inoonspicuous.  Shell 
marked  with  exceedingly  dose  fine  miorosoopio  thread-like  striae, 
with  a  few  transverse  wrinkles,  which  at  times  give  it  the  ap- 
pearance of  being  partially  radiately  striated. 

Oha. — A  small  shell  was  described  by  Dr.  Dawson  from  the  Coal- 
measures  of  the  South  Joggings,  Nova  Scotia,  under  the  name  of 
Naiadites  lams  {*» Anihraeomya,  Salter),  to  which  the  present  shell 
bears  so  strong  a  resemblance  that  I  was  for  some  time  quite  at  a 
Ices  how  to  distinguish  between  them.  However,  A,  Seotiea  is  larger 
than  the  Nova  Scotian  Naiadites  losvis.  Judging  from  Dr.  Dawson's 
figure,  the  coneentrio  strisd  are  also  more  numerous,  finer  and  closer ; 
the  posterior  end  appears  to  be  more  obliquely  truncate,  and  the 
beaks  are  more  anterior. 

Id  pointing  out  the  resemblance  between  these  two  forms,  I  am 
supported  by  the  opinion  of  Prof.  T.  Bupert  Jones,  F.B.S.,  who, 
independently  of  any  views  of  my  own,  suggested  a  reference  of 
the  Scotch  fossil  to  Dr.  Dawson's  species.  It  is  sufficiently  distinct 
from  the  other  Anthracomya  and  Naiadites  described  by  Mr.  Salter,^ 
and  Dr.  Dawson, '  not  to  require  comparison ;  but  it  appears  to  be 
related  to  Anodonta  ohstipa,  Ludwig.'  Judging  from  figures  only, 
A.  Seotira  also  resembles  the  shell  figured  by  Prof.  T.  E.  Jones 
as  the  probable  young  of  Anthracomya  Fhillipsii,  Will.  ;^  but  the 
concentric  strisB  are  much  closer  and  the  shell  larger,  as  Prof.  Joneses 
figure  is  highly  magnified.  Dr.  Hibbert  long  ago  obtained,  from 
strata  connected  with  the  Burdiehouse  Limestone,  a  shell  to  which 
he  gave  the  name  of  Unio  nudformis^  Hibbert's  figure  represents 
a  shell  in  the  uncrushed  state  of  a  particularly  convex  and  globose 
form.  All  our  efforts  to  re-discover  this  shell  have  failed  hitherto  ; 
and  as  Dr.  Hibbert's  collection  was  brought  to  the  hammer,  I  am 
afraid  little  chance  remains  of  our  ever  being  able  to  obtain  access 
to  the  type,  although  I  have  tried  all  means  at  my  disposal.  The 
thought  has  often  struck  me  whether  this  species  might  not  be  TJnio 
nuciformis  in  a  perfectly  flattened  form,  its  usual  condition.  Al- 
though some  of  the  characters  bear  out  this  supposition,  still,  I 
have  seen  no  evidence  in  the  flattened  examples  of  A.  Scotica  of 
the  great  inequality  of  the  valves  exhibited  by  Dr.  Hibbert's  figure. 

Loc.  and  Horizon. — ^The  figured  example  is  from  the  Linnhouse 
Water  between  Calder  Hall  and  Galder  Wood,  near  Mid  Calder, 

>  Iron  Ores,  Great  Britain,  pp.  230-1. 
'  Acadian  Geology,  2nd  ed.,  p.  204. 

>  *' Freshwater  Shells  of  the  Coal-formation  of  the  Urals,"   Falaantopraphieay 
▼ol.  X.  t.  3,  f.  2. 

*  Gbol.  Mao.,  Vol.  VII.  PI.  IX.,  Fig.  18. 

*  Trans.  £.  Soc.  Edinb.,  rol  ini.  p.  216. 
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EdinbiirghBliire.     Mr.  C.  W.  Pescb  has  collected  A.  Seotiea  (m 
sbalo  nbove  the  BurJiebonse  Limestone  at  Straiton  OU-shole  Mint*, 
near  Buriliebouse,  (luil  from  »bale  interbedded  witb  trap  on  Incli- 
l;eilb    Island,    Firtli   uf    Forth.     Mr.   J.    Bennie  has    obtained  Om 
sijei^ies  nt  iiuraeroiis  localities  in  tbe  oil-ebale  ground  to  tba  wwt  ut 
Eiiinburgb,  including  Btruton  Oil-sbulo  Mine,  nnd  I  have  found 
ir   at   tbe    first   ijuarry  eaat  of   tbo    Binn  Bill,  Burntisland,  Fife. 
It  WHS  coiDiniiniaLtetl  to  me  by  Mr.  J.  Linn,  from  ahole  oblainefl 
ill  Middleton  Pit,  U|iball,  Eilinbui^gh shire.     These  lodvlilios  ar«  aU 
in  till!  Ceinent-Bloiio  Group,  near  the  borizon  of  the  Bunliehomft 
Limesttine.     Both  Mr.  J.  Henderaon    (Ediiib.    Geological  Sixiiety) 
iiiid  Mr.  Benniu  have  found  it  apiiriagly  in  A  lower  horiEOn  of  Ihs 
('«ment-slona    Group   than    Ihe   Burdiebouee    Liwestono.    vis.   th« 
Wanlie  sbnles,  in  tbu  Water  of  Leith,  at  Rat«B-miU,o«ar  Edinburf^ 

r.enus  Sa.sguinoi,itks.  M'Cov,  1844,     (Synopfii*  Carli.  Foe*.  IreUtid, 

p.  47  ;  Brit.  Pal.  Fots.  p.  276.) 

S'luijnutolilee-*  Alidenentis,  Bi>,-no\.'>   Plate  XJL    Figs.  9-11. 

Sp.  Chars. — Transversely  elongated ;  two  and  s  half  times  ob  long 

as  liigli.     Anterior  side  short,  rounded  ;    poatarior  aide  procliuied, 

lunigin    sublrmicato  in  its    npppr    part,  ronnded    ImIow.      Dorsal 

(iiid  ventral  margin  almost  paiiillel,  tlie  fofuier  long  aiid  straigbt. 

Ilia  latter  with  a  very  litlb  sbnllow  sinus  in  it  n  little  posterior  to 

tbo  niu bones ;  tiio  laller  nre  anterior.   Diagoria!  ridge  faintly  marked ; 

posterior  slope  scarcely  defined  from  lbs  body  of  tbe  shell.     Surface 

with  wineeatrio  lines  pantllel  to  the  raargins,   which 

1'  no  tmoe  on  Ibo  postei'ior  slope  of  casts. 
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in  which  the  shell  occurs  requires  that  a  name  should  be  given  to 
it,  and  in  the  absence  of  any  more  definite  characters,  the  above 
will  serve  to  distinguish  it 

Loe.  and  Jlorizon. — Covering  the  surface  of  a  bed  of  shale  dis- 
Odvwred  by  Mr.  fiennie,  in  large  numbers,  below  the  Abden  Lime- 
sloiie^  on  tile  shore  between  tide-marks,  at  Abden,  a  short  distance  to 
the  east  of  Einghom,  near  Kirkcaldy,  Fife,  near  the  base  of  the 
Lower  Carboniferous  Limestone  Group.  Collection  of  the  Geol. 
Survey  of  Scotland,  and  my  own  Cabinet 

Qenns  Capulus,  de  Montfort  Capulus  neriloide$,  Phillips.   Plate  XII. 

Figs.  12-14. 

nieapM  neritoides,  Phill.,  1836;  Geol.  York.,  Tol.  ii.  p.  224,  t.  14,  f.  16-18. 

„        vetustua,      „     (non  Sow.)  „  m  >*   f*  1^* 

„        tmgiutui^      „      1836  ,,  „  n    f-  20. 

AcroeulU  veiutta,    M'Coj  (pan),  1844;  Spop.  Carb.  Foas.  Ireland,  p.  45. 
QgnUuM  neritoidesy  de  Koninck,  1842-44 ;  beacr.  Aoim.  Fosa.  Terr.  Carb.  Belgique, 

p.  334,  t.  23  bis,  f.  1. 
Acroeuiia  angtuta,  Kna  A,  neritoide»,  Tennant,  1847;  Strat.  List  Brit.  Foaa.  p.  105. 

M  „  D'Orbigny,  1849;  Prodrome  de  Pal.,  p.  125. 

JPOi^ms  neritoides.  Brown,  1849 ;  Fuss.  Conch,  p.  102,  t.  47,  f.  48  and  51. 

„        angustut,      „  „  „  „        „  103,  t.  47.  f.  54. 

«,         vetuittUj      „  ,,  „  „        ,,      ,,         „ 

CapHluM  aurieulartBt  H'Coy ;  Brit.  Pal.  Foas.,  p.  523. 

„        angmtuM^  et  C,  neritoidei,  Morris,  1854 ;  Cat.  Brit.  Foss.,  p.  239. 

(Compare  ConcMiolithut  [Heiieites]  aurieularU,  Martin,  Pet.  Derb.  1809,  t.  40, 
f.  3  and  4.) 

Ohs, — American  palaaontologists  appear  to  have  adopted  the  name 
Piatyeeras  (Conrad,  1840,  ^'AeroeuUa,  Phillips,  184:1)  for  shells 
similar  to  the  present  species,  in  preference  to  the  earlier  proposed 
Capulus  (de  Montfort,  1810,  =^Pileop8i8,  Lamk.,  1812),  in  the  belief 
that  they  are  generically  distinct  from  the  latter.  This  separation 
has  been  made  by  Prof.  Hall  from  the  absence,  in  Plaiyceras  as 
he  supposed,  of  the  peculiar  horseshoe-shaped  muscular  scar  of 
Capulus.^  Messrs.  Meek  and  Worthen,  however,  who  also  adopt  the 
term  Piatyeeras,  have  demonstrated  the  occurrence  of  the  scar  in  at 
least  two  American  species.'  It  follows  from  this  that  no  satisfactory 
evidence  has,  as  yet,  been  adduced  for  a  separation  of  Conrad's 
Piatyeeras  from  Montfort's  Capulus ;  but  on  the  contrary  the  evidence 
is  rather  confirmatory  of  their  identity  than  otherwise. 

Prof.  M*Coy  drew  attention  to  a  point  which  he  considered  had 
been  greatly  lost  sight  of,  the  identity  of  Conch,  [Helidles']  aurieularisy 
Martin,  with  Capulus  neritoides,  Phill.,  and  its  synonyms.  Prof. 
M*Coy's  suggestion  appears  to  be  worthy  of  consideration ;  for  if  such 
is  the  case,  we  should,  in  simple  justice  to  Martin,  adopt  his  name. 

1  propose  to  consider  the  following  shell  (Plate  XII.  Figs.  12-14) 
as  a  variety  of  the  above  species,  under  the  name  of 

C,  neriUndes,  Phill.,  var.  Simpsani,  var.  nov. 

Varietal  Chars. — Shell  considerably  more  depressed  than  in  the 
typical  form ;  dorsal  portion  obtusely  rounded  and  wanting  the  arched 

>  Twelfth  Annual  Report  of  the  Regenta  of  the  Uniy.  New  York,  1869,  p.  16. 

2  Illinois  Geol.  Report,  1868,  Tol  ill.  p.  385. 
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x'»V«f*ot^r  of  tl)€>  latter ;  distance  between  the  apex  and  the  lower 
vy^y):;tu  i*  imich  reiluced ;  the  spire  has  a  tendency  to  become  hori- 
r.^^x?All^v  wiUni  instead  of  vertically.      The  aperture  is  elongately 

t^  — Tlie  relation  of  the  variety  to  the  typical  form  is  seen  in 
lh<k  pixnunmood  inrolled  spire,  feebly  sinuated  sharp  edges  to  the 
A|H*rtun\  with  an  elongated  little-marked  lobe  in  front,  and  the  fine 
vViux>ntrio  stri®,  with  at  intervals  a  stronger  lamina  of  growth. 

*rho  horizontal  manner  in  which  the  spire  is  coiled  appears  to  be 
II  jH^iuiliar  character  of  this  variety.  Were  it  compressed  laterally 
instead  of  from  above  downwards,  it  woidd  be  more  closely  allied  to 
Viipxdm  (Pileopsis)  compressa,  Goldf.,  from  the  Eifel,  as  figured  by 
Quenstedt^ 

Loc.  and  Horizon. — Magazine  Lime  works  (quarry  at),  near  Path- 
hcad,  Haddingtonshire,  in  shale  above  No.  2  Limestone  (L.  Carbon- 
iferous Limestone  Group).  The  figured  specimen  was  obtained  by, 
and  is  in  the  Cabinet  of  Mr.  J.  Simpson,  Edinburgh,  to  whom  I  am 
indebted  for  calling  my  attention  to  it,  and  after  whom  I  name  the 
variety.  Specimens  are  also  in  the  Coll.  Geol.  Society  of  Scotland, 
collected  by  Mr.  J.  Bennie. 

G^nus  Dentalium,  Linnaeus. 
Dentalium  inomatum,  M*Coy  ?    Plate  XIL    Fig.  1. 

D,  inomatum,  McCoy,  1844  ;  Synopsis  Carb.  Foss.  Ireland,  p.  47,  t.  5,  f.  30. 
„         „  Tennant,  1847  ;  Strat.  List  Brit.  Foss.,  p.  lOo. 

„         „  D'Orbigny,  1849  ;  Prodrome  de  Pal.,  i.  p.  127. 

„         „  Morris,  1854  ;  Cat.  Brit.  Foss.,  2nd  ed..  p.  246. 

„        „  Pictet,  1855 ;  Traite  de  Paleontol.,  vol.  iii.  p.  303. 

Sp.  Chars. — Shell  slightly  curved,  very  gradually  tapering;  mouth 
circular.     Surface  smooth,  without  ornamentation  (M'Coy). 

(jhs. — Omitting  the  question  of  dissiniilaiity  in  size,  the  only 
appreciable  difference  between  the  specimen  and  M'Coy's  figure  is 
the  rate  at  which  they  respectively  taper.  Of  the  descriptions  of 
smooth  Palaeozoic  Dentalii  with  which  1  am  acquainted,  D.  inomatum 
appears  to  be  allied  to  2).  granosum^  var.  Iccvigatuniy  Eichwald,^  and 
more  especially  in  minute  delicacy  to  the  Permian  D.  Speyeri, 
Geinitz.'  A  comparison  may  also  be  instituted  with  Z).  venuatum, 
Meek  and  Worthen  ;  *  but  the  latter  is  a  less  curved  form,  and  tapers 
less  rapidly.  The  shelly  matter  is  exceedingly  well  preserved  in  our 
specimen,  and  not  a  trace  of  any  omamentiition  is  to  be  seen.  In 
the  larger  of  Prof.  M'Coy's  figures  there  is  a  notch  or  slit  in  the 
margin ;  but  as  nothing  is  said  about  this  in  the  description  of  the 
species,  I  presume  it  is  accidental. 

Loc.  and  Horizon. — "  Ardross  Limestone,"  shore  (high-water 
mark)  immediately  east  of  Ardross  Castle,  near  Elie,  Fife  (see 
remarks  under  Orthoceras  Brownianum). 

»  Handbucb,  1852,  t.  35,  f.  11. 

«  I^thaja  Rossica,  1860,  i.  p.  1062. 

»  Dvas,  1861,  p.  57,  t.  12,  f.  11-13. 

«  Illinois  Geol.  Keport,  Palieuutology,  vol.  iii.  1866,  p.  284,  t.  19,  f.  8. 
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Class  Cephalopoda.     Grenus  Obthooeras,  Breyn. 

Orihoceras  Brownianun,  p.  nov.    Plate  XII.    Figs.  15a  and  155. 

tUetto-like  Orihoeera*^  Rev.  T.  Brown.  Trans.  B.  Soc.  Edinb.,  toI.  zxii.  pt  2,  p.  362. 

(Compare  0.  ealamutf  de  Kon.,  Descrip.  Anim.  Foss.  Terr.  Carb.  Belgique, 
.  606,  Supplement,  p.  703,  pi.  59,  f.  2  a-d;  0.  regulare^  t.  Schl.  Sandberger's 
>ie  Yentein.  d.  Bbein.  SchicntensyBteros  in  Nassau,  1866,  p.  173,  atlas,  pi.  20, 

2 ;  0.  planiseptatum^  Sandb.  loc.  eiL,  p.  160,  atlas,  pi.  17)  i.  4;  0,  aeutisgifnum, 
i  loe.  eit,  p.  173,  atlas,  pi.  20,  f.  10.) 

Sp,  Chars. — Shell  much  elongated,  pointed,  and  stiletto-like, 
ipering  very  gradually;  section  at  the  smaller  end  circular  (not 
eterminable  at  the  larger  end).  Septal  sutures  distant  as  compared 
rith  the  diameter  of  the  shell,  horizontal,  not  waved;  intervals 
ecreasing  very  slightly  towards  the  smaller  end ;  septa,  as  denoted 
y  the  only  one  visible,  somewhat  flattened,  not  very  convex. 
Ambers  as  denoted  by  the  intervals  between  the  septal  sutures, 
rith  the  height  (vertical)  exceeding  the  diameter  (transverse), 
ipbuncle  subcentral.  The  specimen  where  septate  is  a  fraction 
lore  than  two  inches  long ;  tiie  diameter  of  the  smaller  end  is  as 
ear  as  possible  a  little  less  than  half  a  line ;  at  the  upper  end 
nmediately  before  the  point  where  it  is  crushed  the  diameter  is 
bout  one  line  and  a  half.  In  the  space  of  one  inch  there  are  19 
r  20  chambers.     Surface  smooth. 

Obs. — For  an  introduction  to  this  elegant  OrthoceroB  we  are  in- 
ebted  to  the  Rev.  T.  Brown,  M.A.,  who  aptly  termed  it  in  his 
aper  ''On  the  Mountain  Limestone  and  Lower  Carboniferous  Bocks 
f  the  Fifeshire  Coast,"  etc.,*  the  "thin  stiletto-like  Orthoceras,^* 
ad  mentions  it  as  exceedingly  characteristic  of  his  Bed  F,  or 
Ardross  Limestone,"  near  Elie. 

In  Prof,  de  Eoninck*s  classification  of  Carboniferous  Orthoceratites 
lis  species  would  clearly  ccnne  under  the  division  "  Orthocerata 
racilia,"  and  in  form  and  slendemess  resembles  the  typical  species 
f  that  section,  0.  Martinianum,  de  Eon.,'  but  the  septa  are  rather 
istant  and  cannot  be  described  as  very  close,  as  in  the  Professor's 
pecies.  There  is  a  closer  resemblance  to  his  0.  calamus ;  especially 
>  the  apical  portion  represented  by  Fig.  25  on  the  59th  plate  of 
le  "  Animaux  Fossiles."  Our  form  appears  to  taper  at  nearly  the 
ime  ratio,  but  is  perhaps  thinner  and  more  slender;  the  septal 
itures  are  about  the  same  distance  apart  as  those  of  0.  calamus, 
id  the  section  is  equally  circular,  but  the  siphuncle  is  subcentral 
\  position. 

I  would  also  call  attention  to  the  resemblance  of  this  Orthoceratite 
» the  apical  portion  of  0.  regulars,  v.  Schlotheim,  as  figured  by  the 
rs.  Sandberger,  but  in  this  case  the  septa  certainly  appear  too  far 
mrt,  and,  as  in  the  case  of  Prof,  de  Eoninck's  species,  the  siphunclo 

central.  0.  Brownianum  is  also  not  unlike  the  apical  portion  of 
.  planiseptatum,  Sandberger,  but  here  the  chambers  are  far  too  broad 
r  their  height  to  bear  close  comparison  with  the  present  form.  In 
1  these  cases  it  must  of  course  be  borne  in  mind  that  no  comparison 
m  be  made  with  the  large  upper  ends  in  the  three  species,  0.  cala^ 
U8,  0.  regulars,  and  0,  planis^tatum,  especially  in  tfi^  tyro  VdXXi^x. 

»  ^ft  <r//.  n^rd.  *  op.  ciU  tuprd,  p.  606,1.  4^  ^-  ^» 
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Prof.  M*Coy'8  description  of  0.  eylindracewn,  Flem.  (non  Sow.)/ 
"with  the  exception  of  the  waved  septa,  would  almost  embrace  our 
species ;  on  the  other  hand,  it  does  not  correspond  with  Fleming's 
original  figure,'  or  with  the  specimen  from  which  this  was  drawn,  a8 
I  have  (through  the  kindness  of  Dr.  Traquair)  ascertained  by  an 
inspection  of  it  in  the  "  Fleming  Collection,"  Museum  of  Science 
and  Art,  Edinburgh.  Both  in  0.  cylindraceum,  Flem.,  and  0. 
attenuatum,  Flem.  (non  Sow.),  the  septa  are  much  more  numerous, 
and  the  intervals  between  them  relatively  too  broad  for  their  heigbi 

On  the  whole,  I  think  we  may  consider  0.  Brownianum  as  closely 
allied  to  0.  calamus,  de  Eon. 

Zoc,  and  Horizon. — Bed  F,  or  Ardross  Limestone,  of  the  Kev.  T. 
Brown,  on  shore  east  of  Ardross  Castle,  near  Elie,  Fife.     This  so- 
called  limestone  consists  of   three  bands  of  an  impure  limestone 
separated  by  thin  shales,  and  is  well  displayed  on  the  beach  at  high- 
water  mark,  at  the  above  locality.     The  Rev.  T.  Brown,  in  his 
paper  before  alluded  to,  speaks  of  these  bands  collectively  as  one, 
and  places  it  as  the  lowest  of  six  limestones  near  the  base  of  what 
we  usually  call  the  Carboniferous  Limestone  Series.      According, 
liowever,  to  Mr.  Brown's  explanation  of  the  geology  of  this  part  of 
Fife,  the  Ardross  Limestone  will  be  some  1400  fL  above  the  base  of 
this  series,  the  liOO  ft  in  question  being  taken  from  the  upper  part 
of  Mr.  Madaren's  Calciferous  Sandstone  Series  (=  L.  Carboniferous), 
and  tacked  on  to  the  hitherto  supposed  base  of  the  Carboniferous 
Limestone  Series.*     The   Geological  Survey  Map  of  this  part  of 
Fife*  by  Mr.  Howell,  represents  the  patch  in  which  this  limestone 
occurs  as  Lower  Carboniferous  (Cement-stone  Group).    I  have  much 
pleasure  in  naming  this  Orthoceras  after  the  Rev.  Mr.  Brown,  to 
whom  I  am  indebted  for  the   loan  of  the  figured   specimen,   aud 
information  relating  to  the  Fifeshire  coast. 

EXPLANATION  OF  PLATE  XII. 

Fio.  1. — Fecten  Sowerbii^  M*Coy  ;  nat.  size.     Cement  Stone,  L.  Carb.  Limestone 

Group.     Brcwsterland  Quarry,  E.  Kilbride.     Cabinet  of  Mr.  A.  Patton. 
„    2. — The  same;  nat.  size.     L.   Carb.  Limestone   Group,   Merry  and  Cuning- 

hame's  Iron  and  Limestone  Pit,  near  Carluke.     Coll.  Geol.  Surrey  of 

Scotland. 
„    3. — The  same  ;  nat.  size.     Shale  above  No.  I  Limestone,  L.  Carb.  Limestone 

Group,  "Whitfield  Old  Quarry,  near  Macbiehill  Station,   Peeblesshire. 

Coll.  Geol.  Survey  of  Scotland. 
„    4. — AviciUopteten  papyraceiis^  Sow. ;  nat.  size.     Lower  Coal-measuros,  Lanca- 
shire.    Coll.  Mus.  Pract.  Geologv,  London. 
„    6. — The  same.     Various  forms  of  the  ribbing,  magnified. 
„    6. — Anthracomya  Fhillipsiiy   Will.  ;    nat.    size.      Coal-measures,    Bradford. 

Cabinet  of  E.  "W.  Binney,  Esq. 
„    7. — The  same ;  nat.  size.     Coal-measures,  Ardwick.     Cabinet  of  Prof.  W.  C. 

Williamson. 
„    8.— -4.  Seotica^  R.  Eth.,  jun. ;  twice  nat.  size.     Cement-stone   Group,    L. 

Carboniferous,  Mid  Calder.     Coll.  Geol.  Survey,  Scotland. 
„    9. — Slab  showing  crushed  specimens  of  Sanguinoliten  ?  Abd4nen$i»y  R.-  Eth., 

jun. ;  nat.  size.     L.  Carb.  Limestone  Group,  Abden,  near  Kingbom. 

»  Hrit.  Pal.  Foss.,  p.  569. 

«  Annals  Phil.  1816,  vol.  v.p.  202,  t.  31,  f.  3. 

3  Brown,  le.,  p.  391.        «  Sheet  41,  Scotland. 


Prof.  Milne  and  Alex.  Murray — Roche  of  Newfoundland.    251 

^o.  10. — 8,  jibdenmttM,  B.  Eth.,  jun. ;  left  Talre,  twice  nat.  size.    Same  locality. 
„  11. —  „  „  „  „  yalTes   partially 

united  along  the  hin^ e-line.    Same  locality. 
,f  12. — Capulus  neritoidet^  Phill.,  yar.  Simpsoni^  B.  Eth.,  Jan. ;  nat.  size  Bide  view. 

L.  Carb.  Limestone  Group,  Magazine   Quarry,  Pathhead,  Haddington- 

Bhire.    Cabinet  of  Mr.  J.  Simpson,  Edinburgli. 
„  18. — The  same ;  nat.  size,  dorsal  view. 
„  14. —        „  „        yiew  of  aperture. 

„  15. — Ortkoegras  Brownianum^  B.  £th.,  jun. ;  natural  size.    L.  Carboniferous, 

Ardr«ss,  Fife.    Cabinet  of  Bev.  T.  Brown,  Edinburgh.  Fig.  166,  section 

enlairged. 

II. — On  the  Rooks  of  Newfoundland. 

By  Profeesor  John  Milnb,  F.O.S.,^ 
Imperial  College  of  Engineering,  Tokei,  Japan. 

With  Notes  by  Albxanbeb  Muulat,  F.G.S.,  of  the  Geological  Surrey  #f  Canada, 

St.  John's,  Newfoundland. 

WHEN  we  speak  of  Newfoundland,  we  speak  of  England's  oldest 
and  yet  almost  unknown  Colony.  When  we  look  at  its  rocks, 
we  shall  find  that  they  also  are  old,  and  from  the  metamorphisms  and 
contortions  they  have  suffered  are  almost  unrecognizable.  The  first 
geologist  who  journeyed  round  the  rugged  shores  which  gird  the 
island,  and  across  the  marshes  and  thickets  which  cover  its  interior, 
wms  the  indefatigable  Jukes.  For  two  years  he  laboured  hard,  and 
after  many  dreary  tramps  up  river-courses,  across  swamps,  and 
round  impenetrable  scrub,  to  the  shores  of  quiet  inland  rocky  lakes, 
he  returned  without  finding  a  fossil.  The  next  to  prosecute  research 
was  Bichardson,  of  the  Canadian  Survey,  who  fixed  a  basis  of  con- 
nexion between  the  geology  of  the  Island  and  that  of  the  mainland. 
He  was  immediately  succeeded  by  Alexander  Murray,  a  veteran 
geologist,  who,  in  connexion  with  Sir  William  Logan,  will  always 
be  remembered  as  the  earliest  worker  who  successfully  unravelled 
the  tangled  knots  of  the  Laurentian  system.  Mr.  Murray  has  been 
ten  years  engaged  upon  this  Survey,  and  has  now  placed  before  us  a 
geological  map  of  the  greater  part  of  an  island  about  which  we 
previously  did  not  even  know  the  general  topographical  details, 
although  it  was  our  oldest  Colonial  possession. 

The  formations  which  have  been  hitherto  recognized  are  shown  in 
juxtaposition  with  their  English  and  American  equivalents  in  the 
table  on  the  next  page  (p.  252). 

A  mere  glance  at  this  table  will  show  the  antiquated  rocks  with 
which  we  have  to  deal,  and  suggest  a  picture  of  all  that  is  weather- 
worn and  grey  with  age.  A  distinguished  English  geologist,  Prof. 
Judd,  after  inquiring  about  the  age  of  the  rocks  in  Newfoundland, 

1  The  information  contained  in  the  following  paper  was  obtained  whilst  travelling 
round  and  through  the  island  of  Newfoundland  during  the  years  1873  and  1874. 
I  visited  nearly  every  bay  and  cove,  and  made  many  journeys  into  the  almost 
unknown  interior  whilst  twice  going  round  the  island.  Many  specimens,  both  of 
rocks  and  fossils,  were  collected. 

Although  1  had  every  opportunity  of  seeing  the  island,  I  must  acknowledge  the 
large  proportion  of  material  extracted  from  the  early  numbers  of  Mr.  Murray's 
official  reports.  I  also  thank  Mr.  Thomas  Davies,  F.G.S.,  of  the  British  Museum, 
tor  the  microscopic  determination  of  many  rocks. — J.  M. 
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and  hearing  that  the  newest  were  Lower  Carboniferous,  almost 
fihuddered,  and  wondered  how  it  was  possible  to  live  in  such  a 
country.^ 

Laurentian, — Commencing  with  the  lowest  member  of  the  series, 
we  have  a  large  exposure  of  crystalline  rocks,  which  have  been 
identified  as  being  of  Laurentian  age.  This  identification  is  based 
on  the  relations  tliey  hold  to  the  Lower  Silurian  rocks  which  they 
underlie,  and  on  the  lithological  resemblances  they  have  to  the 
Laurentian  rocks  of  Labrador  and  Canada.  The  limestone  bands 
which  belong  to  the  Continental  exposures  of  this  series  have  not 
yet  been  found ;   neither  have  any  traces  of  organic  remains.'     Both 

'  I  cannot  see  upon  what  grounds  Prof.  Judd  founds  this  remark.  The  valley  of 
the  Great  St.  Lawrence,  including  the  magnificent  champaign  regions  of  Wwtem 
Canada,  now  called  Ontario^  is  based  upon  Silurian  rocks  for  the  greater  part,  the 
highest  formation  being  of  Devonian  age;  the  beautiful  valley  of  Stratheam,  in 
Perthshire,  is  upon  Old  Red  Sandstone;  the  valley  of  the  Forth,  Stirlingshire,  is 
Carboniferous ;  and  a  great  part  of  Herefordshire,  Monmouth,  etc.,  is  Tx)wer  Silurian. 
It  seems  to  me,  that  the  capabilities  of  a  country,  for  the  support  of  life,  depend,  not 
upon  their  actual  position  in  the  geological  seqaence ;  but  upon  the  constituents 
of  which  they  are  composed,  and  the  mineral  character  of  the  deoris  which  is  yielded 
by  their  ruins,  and  spread  over  the  surface ;  and  also  in  great  measure  to  the  degree 
of  metamorphism  and  disturbance  by  which  they  have  been  affected. — A.M. 

*  The  cry'stalline  limestone  bands  of  Lower  Laurentian  age,  so  well  known  in 
Canada,  have  not  been  seen  in  plaee,,  in  Newfoundland;  but  I  have  reason  to  think  they 
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in  the  Northern,  Southern,  and  Central  parts  of  the  island  we  have 
El  great  display  of  these  rocks,  consisting  of  granite,  syenites, 
^eiss,  etc.,  together  with  many  igneous  dykes,  some  of  which  are 
of  considerable  breadth.  From  several  of  these  dykes  I  collected 
specimens.  One  of  these  from  Harbour  Deep  averages  at  least  25 
yards  in  width.  It  cuts  through  a  homblendic  gneiss  which  is 
traversed  by  many  small  veins  of  quartz>  associated  with  which 
9ie  small  specks  of  copper  pyrites,  especially  in  the  vicinity  of  the 
dyke.  The  rock  of  which  the  dyke  is  composed  is  a  melaphyre  of  a 
bluish-green  to  a  black  colour,  and  has  a  splintery  fracture.  A 
Bpecimen  froni  one  side  of  the  dyke  shows  some  calcite  and  a  little 
q[uartz ;  a  specimen  from  the  opposite  side  is  more  compact,  and  is 
almost  an  aphanite.  Specimens  taken  from  the  inner  parts  of  the 
dyke  were  not  so  compact  as  those  from  the  exterior,  and  were  of  a 
greyer  colour.  Crystals  of  a  plagioclase  felspar,  magnetite,  and  also 
a  considerable  amount  of  apatite,  which  latter  was  not  seen  in  the 
exterior  portion  of  the  dyke,  are  easily  recognized.  On  going  to 
another  portion  of  the  dyke,  three-quarters  of  a  mile  to  the  south, 
and  taking  a  similar  series  of  specimens  across  its  breadth,  I  found 
that  the  exterior  portions  of  the  dyke  had  a  more  slaty  character, 
and  the  central  part,  although  it  still  contained  the  apatite,  also  con- 
tained quartz,  which  had  not  been  before  observed.  This  particular 
dyke  therefore  illustrates  that  not  only  may  there  be  differences  at 
different  points  across  the  breadth  of  a  dyke,  a  result  which  has 
often  before  been  observed,  but  also  that  we  may  meet  with 
differences  as  we  work  along  their  length. 

In  the  vicinity  of  St.  George's  Bay  there  is  a  series  of  labradorite 
rocks  which  Mr.  Murray  has  recognized  as  belonging  to  the  Upi)er 
Laurentian.  I  have  also  seen  specimens  of  labradorite  from  High 
Point,  Kiver  Exploits,  but  I  do  not  know  how  it  occura.* 

Intermediate  Series? — The  first  series  we  meet  with  above  the 
Laurentian  is  a  series  which  is  supposed  to  be  the  equivalent  of  the 
Cambrian  and  Huronian,  to  which  it  has  a  great  lithological  re- 
exist  to  a  partial  extent  in  the  yalley  of  the  g^eat  Cordroy  River.  About  thirty  miles 
op  that  valley  I  found  large  angular  fragments  of  white  crystalline  limestone,  with 

Saphite,  which  exactly  resembled  the  Canadian  rocks ;  and  in  front  of  the  position 
ey  were  supposed  to  occupy  the  hills  are  composed  of  labradorite,  which  I  assume 
to  be  of  Upper  Laurentian  age. — A.M. 

>  These  are  in  erratic  blocks,  more  or  less  water-worn;    their  source  is  not 
ksown.'-^  A .  M . 

'  I  object  to  the  term  Cambrian,  as  applied  to  Huronian,  and  I  introduced  the 
name  Intermediate^  because  the  system  is  undoubtedly  intermediate  between  the 
Laurentian  and  the  lowest  beds  of  Primordial  strata,  holding  Faradoxides,  Agraulus, 
Arehaoeyathus^  Iphidea^  Agnoettu^  Conocephalitetf  Obolella^  and  many  other  forms 
typical  of  the  lowest  Palseozoic  fauna.  I  have  shown  that  the  Intermediate  or 
jkuronian  system,  must  have  been  worn  through  by  denudation  to  the  very  base, 
previous  to  the  deposition  of  the  beds  holding  the  above-named  fauna ;  as  we  find 
them  occurring  nearly  undisturbed  overlapping  the  Laurentian  and  lower  beds  of  the 
Huronian.  I  pointed  my  evidences  out  to  my  old  friend  and  colleague,  Sir  William 
Loean,  on  the  ground,  who  was  immediately  convinced  of  the  accuracy  of  my  obser- 
vations. 1  have  also  shown  that  there  are  some  striking  lithological  rrsemblanoes 
between  the  Intermediate  of  Newfoundland  and  the  typi^  Huronian  of  Canada.— 
A.Jl. 
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semblance.    It  has  been  called  by  Mr.  Murray  the 

Series.     These  beds  are  in  the -main  made  up  of  dark-colcHiitd 

slates,*  some  of  which  are  fine-grained  and  cherty,  red  and  gnj 

conglomerates,  and  various  sandstones.    There  are  cdso  some  igneoM 

rocks  like  diorite,  quartzite  and  jaspery  bands  intercalated  in  the 

series. 

Considering  that  there  is  good  reason  for  believing  that  tfaeie 
strata  are  of  Huronian  age.  they  are  remarkable  as  containing 
fossils.'  Tlie  fossils  are  Aspidella  terranoviea,  together  with  tnoei 
of  organisms  like  ArenicoUtes. 

At  many  points  in  this  Huronian   Series,  which  has  a  grett 
resemblance    to   the   Gk)ld-bearing  Series  of   Nova   Scotia,  trsoes 
of  metallic  ores  have  been  found.     Thus  on  Terra  Nova  Biver 
an  opening  has  been  made  on  a  quartz  lode  containing  copper 
pyrites,  coursing  through  a  chloritic  and  calcareous  rock.     A  more 
successful  undertaking  is,  however,  to  be  seen  at  the  La  Maache 
Mine.'    Tlie  ore  worked  is  galena,  which  is  associated  witli  blende, 
barytes,  quartz,  amethyst,  and  calcite,  the  latter  forming  the  chief 
portion  of  the  gangue.     One  side  of  the  lode  is  bounded  by  greoi- 
stone,  or  more  truly  an  am^'gdaloidal  melaphyre,  in  the  ground  mass 
of  which  there  is  a  large  quantity  of  acicular  needles  of  apatite. 
On  the  opposite  side  of  the  lode  we  have  the  black  slates  of  the 
country,  but  so  hardened  that  they  have  the  appearance  of  a  siliceous 
rock. 

Primordial  Silurian.^ — Lying  unconformably  above  the  Huronian 
rocks,  and  distinguished  from  them  by  their  fossil  contents,  we  have 
a  series  of  rocks  identified  by  Mr.  MuiTay  as  the  Primordial  Silurian, 

*  The  tj-pc  of  the  system  in  Newfoundland  is  in  the  peninsula  of  ATalon,  where  it  I 
occupies  an  enormous  urea.  There  are,  besides  the  clay-slates  8i)oken  of  here,  a  great 
mass  of  pale-green  fclsite  slates,  which  weather  of  a  dincj  whitish  colour,  with  occa-  I 
eional  alternating  beds  of  red  slate.  I  have  remarked  that,  except  as  intersecting  < 
veins,  lime  is  very  scarce  throughout  the  series  as  seen  in  Avalon,  and  mica  almost  or  . 
altogether  absent. — A.M.  | 

'  'I  he  Aspidella  Urrafwviea  and  jiretiicolites  are  found  in  the  clay-slates,  which  are 
pretty  high  up  in  the  series.  They  pass  immediately  below  the  sandstones  and  con- 
glomerates of  Signal  Hill,  which  apjwar  to  be  at  the  summit.— A.M. 

'  Keautiful   hand  specimens  of  various  ores  of  copper  have  been  produced  from 
many  parts  of  the  distribution,  chiefly  from  quartz  veins ;  but  the  extent  and  quantity 
of  the  ore,  in  no  case  I  have  ever  known,  seemed  suliicient  to  warrant  the  requisite        . 
outlay  for  opening  up  a  mine.     Lead  occurs  in  many  hK^ilities,  usually  in  calcareous        ' 
veins.     The  occurrence  so  frequently  of  veins  of  calcite,  in  a  non- calcareous  rock,  has 
induced  me  to  speculate  on  their  derivation  ;  which  I  conceive  possibly  may  have  been        | 
from  infiltration  into  the  tissures  of  the  older  rock,  from  the  calcareous  overl)'ing 
IVimonlial  gioup,  now  denuded. 

*  I  have  a  very  good  collection  of  these  fossils  from  many  part«  of  the  island.  The 
formations  nre  distributed  in  patches ;  one  of  the  best  developmenta  l»eing  in  Conccp-  . 
tion  Bay,  where  the  relations  to  the  Lmurentian  and  Huronian  arc  mo8t  distinctly  | 
exhibited.  There  are  also  fine  developments  in  Trinity  Bay,  in  St.  Marv's  Bav,  in  j 
Placentia  Bay,  in  Fortune  Bay,  and  on  the  island  of  Miguclon,  from  all  wdich  places  I 
I  have  made  large  collections  of  fossils.  The  scries  is  recognized  in  Bonavista  Bay,  \ 
but  not  so  well  developed  as  at  the  places  named  above,  and  I  have  not  hitherto  been 
able  to  procure  any  organic  remains  from  them.  The  base  of  the  series  is  usually  a 
conglomerate,  passing  upwards  into  a  reddish  sandstone,  over  which  are  a  set  of  slates, 
which  arc  admirably  adapted  for  roofing  slates.  Mr.  Milne's  description  applies 
especially  to  this  latter  locality  .—A.M. 
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lying  as  they  do  at  the  very  base  of  the  Silurian.  My  last  oppor- 
tunity of  seeing  these  rocks  was  whilst  coasting  along  the  shores  of 
Bonavista  Bay,  especially  in  the  neighbourhood  of  Cutler's  Head, 
where  they  are  exposed  in  clififs  several  hundreds  of  feet  in  height. 
The  rocks  are  fine-grained,  chloritic,  and  argillaceous.  In  many 
places  they  are  coloured  with  red  oxide  of  iron.  Some  of  the  rocks 
of  this  neighbourhood  of  an  amygdaloidal  character  appeared  to  be 
altered  diorite. 

On  the  western  side  of  this  headland  there  is  a  deserted  monument 
of  folly  in  the  form  of  a  small  quarry,  which  was  vigorously  worked 
upon  under  the  impression  that  the  compact  arg^aceous-like  rock 
of  the  clifif  was  a  mass  of  tin-stone. 

Further  up  the  bay  conglomerate  and  more  igneous  rocks  of  a 
chloritic  character  and  rich  in  kaolinized  felspar  were  observed. 

PoUdam  and  Calciferoua} — Still  ascending  in  the  series,  the  next 
members  are  those  of  the  Potsdam  and  Calciferous  groups.  These 
are  to  be  seen'  in  the  northern  and  western  parts  of  the  island. 

The  former  of  these  groups  consists  of  dark-coloured  slates  and 
conglomerates,  containing  recognized  Potsdam  fossils.  The  series 
amounts  to  upwards  of  5400  feet  in  thickness.  Penetrating  tliese 
rocks  I  found  dykes  very  similar  to  those  I  observed  before,  such  as 
felsites  and  highly  chloritic  melaphyres  containing  quartz. 

The  Calciferous  series,  which  overlies  the  Potsdam,  is  one  which 
presents  very  different  characters  to  any  of  the  preceding.  It  is 
well  exposed  in  the  western  parts  of  the  island  upon  the  northern 
side  of  the  Port  au  Port  Peninsula,  where  it  consists  of  definitely 
stratified  grey  limestones  rich  in  fossils, — large  OrihoBceri,  Corals 
and  Maclurea  being  very  noticeable.  These  limestones  weather  into 
thick  columnar  forms,  divided  horizontally  by  joints,  just  as  if  so 
many  huge  discs  with  rounded  edges  had  been  piled  one  above  the 
other. 

By  the  action  of  the  sea  and  other  causes,  several  caverns  have 
been  excavated.  Two  of  these  I  explored.  One  was  wide  and  open, 
and  about  70  feet  in  length;  the  second,  which  was  narrow  and  low, 
was  about  130  feet  in  length.  Some  of  these,  on  future  exploration, 
may  yield  remains,  beneath  the  bed  of  clay  with  which  their  floor 
is  covered,  which  may  be  of  interest  in  connexion  with  the  study 
of  the  modern  fauna  of  the  island. 

Quebec  Group. — At  the  base  of  this  group  we  get  a  vast  series  of 
graptolitic  shales,  amounting  to  about  4000  feet  in  thickness. 
Above  these  shales  we  have  a  large  display  of  serpentines  and 

1  The  passage  upwards  from  the  Paradoxides  slates  is  very  well  displayed  in  Con- 
ception Bay,  where  there  is  no  evidence  of  any  want  of  stratigraphical  conformity ; 
hat  it  is  difficult  to  tell  in  what  part  of  the  section  the  Primordial  ceases,  and  the 
Potsdam  proper  begins;  a  great  mass  of  sandstone  occurs  at  Kelly's  Island,  and 
there  are  alternating  sandstones  and  black  shales  or  slates,  which  form  the  larp:est 
island  in  the  bay — Bell  Island.  The  whole  of  these  strata  hold  in  greater  or  less 
abundance  Cnaiana  simiiis,  Billings,  Eophyton  Liunteanumf  Torrell,  several 
ipecies  of  Linptda^  and  other  furms  which  Mr.  Billings  was  disposed  to  think  were 
of  Upper  Potsdam  type.  These  strata  differ  considerably  from  the  bods  Mr.  Milne 
quotes,  on  the  noith  and  west  sides  of  the  island,  which  are  probably  higher 
measures. — A.M. 


256    Prof.  Milne  and  Alex.  Murray — Bocks  of  NewfoimiUmi. 

diorites  about  1000  feet  in  thickness.  As  these  serpentmes  and 
diorites,  which  represent  the  Lauzon  or  middle  division  of  the 
Quebec  group,  are,  from  an  economical  point  of  view,  perhaps  the 
most  important  series  in  the  island,  I  will  consider  them  at  greater 
length  than  I  have  the  others.  Their  importance  lies  in  the  ftct  of 
their  being  repositories  of  metallic  ores,  a  character  which  they  beir 
not  only  in  Newfoundland,  but  in  all  our  transatlantic  oolonies  and 
the  United  States. 

In  Newfoundland  this  formation  has  a  considerable  development 
On  the  eastern  side  of  the  island  we  see  it  occupying-  the  yidley  of 
Gander  River,  a  great  portion  of  the  shores  and  islands  of  Notre 
Dame  Bay,  and  farther  to  the  north  in  the  vicinity  of  Hare  Bay. 
On  the  west  coast  it  crops  out  at  many  points,  as  at  Cow  Harhoar, 
Bonne  Bay,  Bay  of  Islands,  and  Blufif  Head.  On  the  south  we  see 
it  in  Despair  Bay,  and  extending  northwards  up  Conne  Biver  towards 
the  head  waters  of  the  above-mentioned  Gander  River. 

All  these  districts,  with  the  exception  of  Gander  Valley,  I  visited, 
and  from  various  points  collected  several  hundreds  of  rock  and 
mineral  specimens.  In  the  fall  of  1874  Gander  Valley  was  explored 
by  my  friend  Mr.  Murray,  and  to  him  I  am  indebted  for  a  collection 
of  rocks  from  that  locality.^     They  consisted  of  many  schists,  most 

^  I  mode  a  very  fiill  report  upon  the  Quebec  Group  in  1874,  the  result  of  my  own 
obRerTations  in  1873,  and  of  my  assistant's  survey  by  my  direction  in  1874 ;  to  which 
I  beg  to  refer  for  my  views  of  the  structure.  At  page  52  of  the  said  Report  I  hare 
expressed  myself  thus :  '*  The  facts  ascertained,  as  already  represented  in  tne  descrip- 
tion of  the  coast  and  river  sections  on  the  east  side  of  Port-a-Port  Bay,  seem  to  point 
to  the  conclusion  that  the  Silurian  formations  are  arranged  in  a  series  of  sharp 
anticlinal  and  synclinal  folds,  ranging  generally  about  N.  2T  E.,  S.  22^  W. ;  the 
whole  mass  of  strata  having,  towards  the  close  of  the  later  deposits  or  subsequently, 
been  affected  by  vast  igneous  intrusion,  and  become  much  dislocated  by  great  parallel 
or  nearly  parallel  faults,  the  ground  trend  of  which  is  N.E.  and  S.W.  At  the 
summit  of  the  whole  scries  is  a  groat  volume  of  igneous  and  magnesian  rocks,  consist- 
ing of  various  diorites,  serpentines,  und  cblorites,  whieii  our  evidences  seem  to 
indicate  to  be  lapped  over  the  inferior  strata  unconformably,  and  to  come  in  contact 
witli  diflferent  members  at  different  places."  In  Sir  William  I/)c:an*8  investigations 
in  Canada,  the  great  mass  of  sandstone  and  conglomerate,  displayed  so  largely  at 
Sillery  and  other  parts  of  the  Gulf  of  St.  LawTcncc,  were  provisionally  placed  at  the 
summit  of  the  Quebec  Group,  and  as  overlying  the  n)etanior])hic  and  igneous  rocks 
with  serpentines  and  metallic  ores,  etc. ;  but  our  evidences  in  Newfoun(Sand  seem  to 
point  to  a  somewhat  different  conclusion — unless,  indeed,  there  mav  happen  to 
oe  two  great  sandstone  formations,  one  of  wbifh  is  absent  in  this  island.  The 
description  of  the  rock  of  the  St.  Lawrence  applies  in  nearly  every  particular  to  the 
rock  here ;  but  while  we  find  it  to  succtjed  the  Levis  formation  with  perfect  regularity, 
although  with  numerous  folds  and  twists,  in  every  case  it  seems  to  pass  below  the 
serpentines,  wherever  a  contact  has  been  seen ;  and  moreover  to  pass  below  them 
unconformably.  The  Long  Point  of  Port-a-Port  Bay  contains  fossils  recognized  by  the 
late  Mr.  Billings  as  tiot  older  than  the  Bird's  Eye  and  Black  River,  and  may  ^«'near 
the  base  of  the  Hudson  River  Group;  and  these  strata  are  comparatively  un- 
disturbed ;  but  they  are  brought  down  by  a  fault  against  older  rocks,  at  the  base 
of  which  the  sandstones  are  displayed  in  great  disturbance.  Having  weighed  all  the 
evidences  with  great  care,  I  have  corae  to  the  conclusion  that  the  ^reat  igneous  intru- 
sion, of  which  mention  is  made  in  the  above  extract,  must  be  nearly  of  the  age  of  the 
Chazy,  or  perhaps  later;  that  it  has  been  the  metamorphosing  agent,  and  that 
the  altered  strata  consisting  of  chloritic  slates,  serpentines,  melaphyrcs,  diorites,  etc., 
belong  to  a  horizon  somewhere  intermediate  between  the  Chazy  and  the  Hudson 
Siver  Group. — A.M. 


.       X 
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of  which  were  more  or  less  chloride ;  Bome  were,  however,  argil- 
laceous and  slightly  calcareous,  whilst  a  few  were  harsh  and 
splintery  clay-slates.  Bands  of  dolomite  are  here  and  there  inter- 
calated, some  of  which  contain  disseminated  particles  of  magnetic 
cr  chromic  iron,  which  by  decomposition  give  a  rusty  appearance 
to  the  weathered  surface  of  the  rock. 

A  predominating  feature  among  these  rocks  are  dark-green 
serpentines,  which  show  traces  of  actinolite,  and  some  specimens 
could  only  be  regarded  as  serpentinized  varieties  of  this  mineral. 
Associated  with  the  serpentine,  veins  of  chrysotile  are  common.  A 
quartz  conglomerate  and  veins  of  quartz  have  also  been  found.  The 
latter  ai-e  supposed  to  contain  gold,  but  what  the  result  of  their 
analysis  has  been  I  am  not  yet  able  to  say.  On  the  whole,  the  rocks 
have  a  green  chloritic  look,  and  are  magnesian  in  their  character. 

Further  to  the  north,  in  Notre  Dame  Bay,*  there  is  quite  an  archipe- 
lago of  islands,  the  greater  number  of  which  seem  to  belong  to  the 
Quebec  Group.  There  are  amongst  them,  however,  some  granites, 
porphyries,  felsites,  diorites,  and  basalts,'  to  which  no  particular 
horizon  can  be  assigned.  On  Felly's  Island,  copper  pyrites  is  found, 
and  mining  operations  have  been  commenced  in  rocks  which  are 
dark-green  in  colour  and  chloritic  in  character.  On  Toulinguet  we 
also  find  a  more  or  less  chloritic  series  of  rocks.  On  the  mainland, 
upon  the  north  side  of  the  Bay,  we  meet  with  massive  serpentinous 
rocks.  All  of  this  series  have,  however,  been  so  altered  and  con- 
torted that  it  is  difficult  to  make  out  their  lithological  characters,  and 
almost  impossible  to  make  out  their  stratigrapbical  relations.  Along 
the  coast  these  rocks  form  bold  cliffs,  here  and  there  broken  by  small 
indentations  forming  small  bays  and  coves.  Inland,  they  form 
moderately-sized  hills,  which  are  covered  with  drifted  boulders. 

The  serpentines  are  dark  and  light  green  in  colour,  some  are  com- 
pact and  splintery,  whilst  others  are  soft  and  earthy.  When  jointed, 
their  partings  contain  either  gypsum  or  calcite.     Chrysotile  is  also 

1  The  confusion  and  disturbance  manifested  in  Notre  Dame  Bay  is  such,  that 
to  obtain  a  structural  section  is  almost  impossible ;  while  the  total  absence  of  organic 
remains  in  the  group  which  contains  the  metallic  ores  adds  to  the  difficulty  of  disen- 
tangling the  complexities.  Our  evidences  of  horizon  are  therefore  of  a  negative 
rather  than  a  positive  kind;  but  the  circumstance  of  these  altered  rocks  being 
succeeded  by  a  group  containing  fossils  typical  of  a  horizon  ranging  between  the 
upper  part  of  the  Hudson^s  River  Group  ana  the  Clinton  is  significant.  These  upper 
strata  have  been  found  in  unconformable  contact  with  the  older  and  metal-beanng 
formations,  and  traced  from  the  extreme  eastern  end  of  New  World  Island  to  the 
Exploits  Kiver.  Near  the  base  of  the  group  there  is  a  black  shale  or  slate  with 
Oraptolithug  ramonua^  which  was  followed  far  up  the  Exploits  River.  These  fossils 
Mr.  liillings  supposed  to  be  types  of  Hudson  River  age.  The  higher  beds  of 
the  formation  were  found  to  contain  the  following  fossils,  many  of  which  indicate  a 
period  as  Into  as  the  Clinton : — Orthis  ruida  ;  Rhynchonella  ;  Stricklandinia  lens  ; 
Modiolopgin ;  Atrypa  reticularis;  Strophomena  rhomboidalis ;  Leptana  sericea ; 
Orthis  DnvicUoui  {:)  \  Ileliophyllum ;  ZaphrtfUis  bellisriata  ;  Petroria  ;  Fuvoftitcs 
Gothiandica ;  Orthoeeras  Murehisonia ;  Bronteus;  Enerinites;  and  Pentamerus. — A.M. 

'  In  my  report  for  last  year,  1876,  I  have  shown  reason  for  believing  that  the 
granites  here  spoken  of  are  later  in  date,  or  contemporaneous  with,  the  Quebec 
Group ;  and  in  my  report  upon  the  Exploits,  1871.  I  have  shown  that  the  porphyries 
and  some  of  the  biisalts  intersect  the  Middle  Silurian.     Felsites  and  diorites  qc,oi\  v^ 
strata  in  the  Quebec  Group ;  and  also  as  intersecting  veins. — A.^. 
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to  be  seen,  whilst  magnetic  iron,  and  probably  also  chromic  iron,  aw 
disseminated  through  the  mass.  Enstatite,  diallage,  and  bronzito 
have  also  been  observed. 

The  chloritic  rocks  are  sometimes  slaty  in  their  character,  and 
sometimes  compact  and  earthy.  Very  often  these  rocks  are  taloose, 
and  in  their  joints  calcareous.  Grains  of  magnetite  are  to  be  seen  in 
the  mass.  Some  of  them  give  indications  of  having  been  derived 
from  diorites.  Associated  with  this  series  are  a  number  of  rocks 
which  are  also,  but  to  a  much  less  degree,  chloritic.  Amongst  them 
we  have  altered  felsites  of  a  light -green  colour,  some  of  which  show 
changes  approaching  serpentine.  There  are  also  others  of  a  green 
colour,  which  are  tolerably  compact,  but  which  under  the  microscope 
apparently  resolve  themselves  into  a  volcanic  ash  or  breccia.  In 
some  cases  the  angular  and  sub-angular  fragments  of  which  these 
rocks  are  made  up  are  easily  to  be  recognized.  Distinct  traces  of 
crystals  of  felspar  are  also  to  be  made  out. 

Amongst  these  rocks,  bands  or  beds  of  dolomite  are  occasionally 
found,  associated  with  which  at  Tilt  Cove  there  is  an   irregular    j 
deposit  of  copper-nickel.     It  is  in  the  form  of  small  strings  and    > 
nests.     With  the  chloritic  rocks  irregular  deposits  of  copper  pyrites 
occur ;  this  has  led,  in  the  case  of  Tilt  Cove,  to  the  opening  of  a 
large  and  prosperous  mine. 

Further  to  the  north,  at  Terra  Nova  Mine,  a  similar  series  of 
rocks  is  to  be  met  with.  Here  the  predominating  metallic  ore  is 
iron  pyrites,  which  occurs  in  a  band  about  five  feet  in  thickness. 

Although  sedimentary  rocks  are  exhibited  in  the  district,  volcanic 
rocks  nevertheless  predominate  and  give  a  character  to  the  whole. 
That  in  Silurian  times  we  had  volcanos  of  large  extent  may  alone  be 
inferred  from  the  existence  of  the  extensive  beds  which  I  have 
called  volcanic  ash  and  breccia.  Since  that  period,  however,  the 
rocks  have  been  so  changed  in  chamcter  that  it  is  with  difficulty, 
and  genemll^'  speaking  only  with  the  aid  of  the  microscoi)e,  that  their 
origin  is  to  bo  inferred. 

Along  the  north  side  of  Hare  Bay  wo  find  a  compact  splintery 
grey  slate,  which  at  many  points  holds  finely  disseminated  iron 
pyrites,  which  is  also  sometimes  in  veins.  Near  the  head  of  the 
Bay,  at  How  Harbour,  true  serpentinous  rocks  rise  conspicuously  into 
high  hills,  which  have  generally  a  bare  appearance  and  a  character- 
istic reddish  tinge.  Some  specimens  from  this  locality  had  a  splintery 
fracture  and  a  fibrous  structure.  With  the  \'  objective,  kaolinized 
felspar,  crystalline  grains  of  hornblende  and  crystiils  of  magnetic 
iron  were  distinctly  visible,  gi\'ing  altogether  indications  of  an 
altered  diorite.  Other  specimens  showed  a  striking  likeness  to  some 
of  those  from  Gander  Kiver  Valley,  IGO  miles  to  the  south. 

On  the  western  side  of  the  island,  commencing  at  Bonne  Bay,  are 
some  very  high  flat-topped  hills,  which,  from  their  reddish  colour 
and  bare  surfaces,  are  at  once  to  be  recognized  as  being  serpentinous. 
To  the  south  of  this,  in  Lark  Harbour,  we  find  rocks  belonging  to 
♦his  series  of  a  very  undefinable  character, — they  are  rusty,  ar- 
Dllaoeous,  and  filled  with  so  many  joints  that  it  is  difficult  to  obtain 
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ractured  surface.  However,  when  one  is  obtained,  the  interior  of 
>  rock  is  seen  to  be  chloritio. 

^till  further  to  tlie  south,  about  Bluff  Head  and  Louis  Hills,  we  get 
{cries  of  weathered  amjgdaloidal  rocks,  which  may  be  defined  as 
laphyres.  They  have  generally  an  argillaceous  smell,  and  are 
careous,  especially  in  their  joints  and  amygdules.  Under  the 
oroscope  there  can  be  seen,  a  finely  granular  ground  mass,  a  much 
^linized  felspar  apparently  labradorite,  and  sometimes  a  mineral 
lioh  brilliantly  polarizes,  which  may  be  olivine.  On  the  whole, 
ty  are  like  altered  dolerites,  and  all  of  them  have  a  more  or  less 
critic  look.  In  places  disseminated  through  the  mass  there  is  a 
uminous  mineral,  and  very  often  specks  of  native  copper.  These 
nerals  are  chiefly  found  in  the  more  decomposed  portions  of  the 
ik.  Up  Louis  Brook  some  true  serpentines  are  to  be  found,  and  also 
lolomite.  Comparing  these  rocks  on  the  west  side  of  the  island 
th  those  of  similar  age  upon  the  east,  they  only  seemed  to  me 
differ  in  the  degree  of  alteration  which  they  had  undergone, 
d  those  upon  the  west  in  this  way  tend  to  confirm  the  idea  of  the 
canic  origin  of  the  greater  part  of  this  series,  as  exposed  in  New- 
indland.* 

Southern  and  Central  Exposures. — In  the  southern  and  central 
posures  of  this  series,  about  Bay  East  Hiver,  we  get  serpentines, 
oritic  and  talcose  slates,  felsites  and  micaceous  slates.  The  rocks 
the  whole  having  a  lithological  likeness  to  the  other  members  of 
)  same  series. 

Faking  a  general  review  of  this  formation,  as  presented  to  us  in 
:chcs,  some  of  which  are  more  than  100  miles  apart,  one  cannot 
b  be  struck  with  the  great  lithological  similarity  which  runs 
•onghont  the  whole.  In  comparing  lists  of  specimens  taken  from 
ferent  localities,  it  is  found  that  some  are  almost  identical.  The 
jks  everywhere  contain  serpentines  and  chlorites,  are  magnesian 
their  character,  and  always  contain  more  or  less  of  some  valuable 
neral  matter  like  ores  of  copper.  Sometimes  their  nature  is  at 
30  to  be  seen,  whilst  in  other  cases  it  is  only  with  difficulty  to  be 
agnized .  Everywhere  they  show  traces  of  having  been  derived 
m  volcanic  rocks,  and  in  all  cases  the  alteration  to  which  they 
v^e  been  subject  is  similar,  and  has  only  differed  in  amount, 
oking  at  the  vast  hills  which  yet  remain  of  these  rocks,  they  appear 
relics  of  large  and  powerful  volcanos  which  were  in  activity 
ching  out  showers  of  ashes  and  pouring  forth  great  streams  of 
'a  in  Mid- Silurian  times.' 

[f  this  view  is  a  correct  one,  then  there  was  a  period  when 
iesceiit,  dreary  Newfoundland  was  like  a  modern  Iceland.  Since 
kt  time,  however,  great  changes  have  happened,  and  processes  of 

I  hare  already  alluded  to  the  probable  age  of  the  igneous  rocks,  and  to  the 
lo^cal  position  of  the  serpentines  on  the  west  coast  of  the  island. — A.M. 

1  his  view  is  not  improbable,  but  I  am  inclined  to  think,  from  the  undisturbed 
e  of  the  rocks  already  spoken  of  at  Long  Point,  Port-a-Port  Bay,  that  the  time  of 
itest  volcunic  activity  must  have  beeu  at  an  earlier  date,  probably  within  the 
izy  or  Trenton  periods. — A.M. 
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degradation  have  washed  away  portions  of  these  rooks  and  divided 
them  in  patches;  whilst  metamorphio  action  has  so  changed  their 
character  that  at  times  they  are  hardly  to  be  recognized. 

SiUei-y  {St  Jtdien  Sandstones,  etc)  ^ — Above  the  serpentinons  and 
Magnesian  series,  which  has  been  estimated  by  Mr.  Murray  as  having 
a  thickness  of  from  1-6  to  1700  feet,  there  is  a  large  series,  chiefly 
composed  of  black  slates  and  limestones,  approximately  3  to  4000 
feet  in  thickness.  In  these  slates,  which  are  well  exposed  in  the 
northern  parts  of  the  island,  I  have  observed  both  intrusive  and 
imbedded  masses  of  diorite.  They  are  generally  of  a  dark  grey  or 
greyish  green  colour,  and  in  some  cases  amygdaloidal,  the  amygdnles 
being  filled  with  calcite.  Under  the  microscope,  altered  felspar, 
hornblende  and  grains  of  magnetite  are  generally  to  be  seen. 

In  Noddy  Bay  these  shales  are  serpentinous,  and  contain  im- 
bedded nodular  masses,  which  under  the  microscope  resolve  them- 
selves into  a  serpentinized  diorite.  True  serpentine  is  also  to  be  met 
with  in  the  same  locality.  The  intrusive  rocks  of  this  district  woald 
show  that  the  volcanic  action  continued  after  the  deposition  of  the 
upper  part  of  the  Quebec  Group. 

Niagara  and  Clinton.'^ — The  only  display  of  these  rocks  which  ba« 
been  hitherto  recognized  is  to  be  found  at  the  head  of  White  Bay, 
where  we  have  a  series  of  oonglomerate,  and  slates  capped  with 
Limestone,  altogether  2800  feet  in  thickness.     Owing  to  the  oc- 
currence of  a  series  of  faults,  some  of  which  may  amount  to  1000 
feet,  there  has  been  difficulty  in  tracing  out  the  sequence  amongst 
the  members  of  this  formation.     Traversing  these  rocks  there  are 
several  large  dykes  of  melaphyre  and  felsite.     One  of  these  latter, 
at  the  S.W.  end  of  Sops  Island,  appears  in  columnar  masses  40 — 00 
feet  in  height     They  are  of  a  pinkish  colour,  and  have  a  splintery 
coarse  fracture.     Their  measurements  are  about  1  foot  in  diameter, 
and  20  feet  in  length.     They  have  generally  from  4  to  6  sides. 
In  places  they  are  curved  and  sliglitly  divergent.     The  tops  of  these 
prismatic-like  columns  form  acute  angles  with  the  sides,  instead  of 
being  at  right  angles,  as  is  so  geneniUy  the  case.     Between  these 
columns  strips  of  greenstone,  which  under  tlie  microscope  resolves 
itself  into  a  melaphyre,  may  be   seen.     These  felsites  are  also  to 
be  seen  further  to  the  north. 

On  the  S.E.  side  of  the  island  there  is  a  large  dyke,  which  also 
appears  to  be  a  melaphyre,  and  probably  derived  from  the  alt<?ration 
of  a  dolerite.  It  contains  many  veins  of  calcite  and  quartz,  aud 
along  one  side  of  it  a  very  fair  deposit  of  galena. 

7  In  the  note  on  page  256  I  have  already  expressed  my  views  regarding  the  strati- 
graphical  position  of  these  sand8tt»nc8.  I  hare  visited  St.  Juliens  myself,  ana  Mr.  James 
Eichardson.  of  the  Ge<»lojjieal  Survey  of  Canada,  visited  the  place  where  the  fornntien 
is  larp:('ly  displayed,  at  the  uortli -eastern  termination  of  the  island;  but  a  contact  with 
the  i^erprntinous  group  was  not  seen  iti  either  case  ;  jmd  1  hold  to  the  opinion  that  it 
is  in  consequence  of  the  later  group  being  unconformably  sj)read  over  the  older  rocks, 
that  the  sandstones  are  not  seen  at  How  Harbour  or  at  Pistolet  Bay. — A.M. 

-  Rocks  of  Middle  Silurian  age  have  already  been  referred  to,  as  bavin?  a  wide 
spread  in  Exploits  Hay  and  the  southern  parts  of  Notre  Dame  Hay.     Thn  lithological 
cnaracters,  and  some  few  obscure  fossils,  also  siem  to  indicate  that  the  series,  or  a 
^^iN>rtioii  of  it,  extend;)  fur  up  the  ExploiUi  and  the  Gander  Kivers. — A.M. 
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Devonian. — In  the  vicinity  of  Cape  Eonge  and  Fox  we  find  a 
series  of  plant-bearing  Bandstones,  coarse  conglomerates,  and  reddish- 
green  slates,  amounting  altogether  in  thickness  to  about  3700  feet, 
which  have  provisionally  been  called  Devonian,  and  are  apparently 
the  equivalents  of  the  Gaspe  sandstones. 

Carboniferous. — ^The  Carboniferous  is  the  newest  rock  formation 
of  which  Newfoundland  yet  boasts.  It  is  displayed  in  two  localities, 
in  both  of  which  it  rests  upon  a  Laurentian  base.^  One  of  these  is 
in  the  central  part  of  the  island,  in  the  vicinity  of  Deer  Pond  and 
Orand  Pond,  and  the  other  is  in  the  S.W.  part  of  the  island  round 
St.  Oeorge*s  Bay.  Its  thickness  is  about  6400  feet,  and  it  resembles 
in  every  way  the  lower  portion  of  the  equivalent  formation  of  Nova 
Sootia  and  Cape  Breton.  In  going  up  any  of  the  rivers  which 
ran  at  right  angles  to  the  genend  strike  of  the  beds,  they  are  seen  to 
consist  of  red  sandstones,  shales,  greyish  limestones,  gypsum,  and 
conglomerate.  The  gypsum  is  presented  at  many  points  in  masses 
like  huge  cliffs  of  chalk.  At  many  points  where  its  contact  with 
the  surrounding  rocks  is  to  be  observed,  it  seems  to  occupy  the 
position  of  an  intrusive  rock,^  those  with  which  it  is  in  contact  being 
contorted,  broken,  and  turned  up  against  its  sides,  as,  for  instance,  at 
the  mouth  of  Eippens  Brook.  The  conglomerate  contains  frag- 
ments of  rock  and  pebbles  of  magnetic  iron  derived  from  the 
Laurentian  Series,  and  pieces  of  limestone  containing  fossils  which 
are  undoubtedly  of  Silurian  s^e.  Several  seams  of  coal,  one  of 
which  is  3 ft.  6in.  in  thickness,  have  been  met  with,  and  many  others 
in  all  probability  remain  to  be  discovered. 

In  this  series  I  did  not  observe  anything  which  could  be  called  an 
igneous  rock,  nor  do  I  know  that  any  have  yet  been  observed.  This 
fact  would  lead  to  the  conclusion  that  it  was  previous  to  this  time 
that  Newfoundland  sank  into  the  tranquil  state  in  which  it  now 
exists.' 

Drift. — Above  the  Carboniferous  we  have  no  other  formation  but 
a  covering  of  alluvium,  which  in  many  parts  ef  the  island,  from 
the  striated  angular  stones  it  contains,  shows  undoubted  evidence  of 
glacial  action.  In  places  this  Drift  contains  shells  very  similar  to 
those  which  are  still  living  in  the  surrounding  sea.  These,  in  con- 
junction with  terraces,  raised  beaches,  roche  p^rche,  etc.,  tend  to  show 
that  Newfoundland  was  at  no  very  remote  period  below  the  present 
level  of  the  sea.  The  surface  of  the  rocks  on  which  the  Drift  rests 
is  often  roundly  smoothed  and  striated,  indicating  what  may  have 
been  glacial  action.  This  so-called  glacial  action  I  am,  however, 
inclined  to  think,  from  what  I  have  seen  in  Newfoundland  and 
Finland,  is  more  likely  to  have  been  produced  by  Coast-ice  acting  in 

*  On  the  north  side  of  St  George's  Bay  it  rests  against  Calciferoos  and  Potsdam. 

^  I  have  tried  to  account  for  this  phenomenon,  which  I  have  repeatedly  observed, 
both  in  Canada  and  in  Newfoundland,  and  a  suggestion  is  offered  at  pp.  18  and  19  of 
my  Report  for  1873.  The  strata  of  Carboniferous  age  on  the  north  side  of  St. 
Geoi^'s  Bay  is  almost  perfectly  flat. — A.M. 

3  Neither  have  I  seen  any  intrusions  of  trap  in  any  part  of  the  distribution  of  the 
Carboniferous;  but  the  formation  is  very  much  aisturbed  and  faulted,  both  on 
the  south  side  of  St.  George's  Bay  and  in  the  Grand  Pond  le^oiL,— A..m. 
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a  rising  area,  than  by  glaciers.  (See  Gkol.  Mag..  D€ 
Vol.  III.  No8.  7,  8,  9,  July,  August,  and  September,  1876.) 
Conclusion, — In  conclusion  I  may  say  that  it  appears 
rocks  of  Newfoundland  are  exclusively  old  ones,  a  charact 
might  be  inferred  from  their  metamorphosed  and  generall; 
np  and  contorted  appe€u*ances.  Here  and  there  fossils  e 
tliey  are  scarce.  In  all  formations  up  to  the  Devonian  and 
ferous,  which  are  the  youngest  excepting  the  general  si 
covering  of  Drift,  igneous  rocks  are  abundant.  During 
times  there  were  probably  large  volcanos,  which  gave  vent 
of  lava,  and  deposited  large  beds  of  asl^s.  But  even  the 
also  have  undergone  great  changes,  and  are  now  only  to  I 
nized  as  chloritic  and  serpentinous  masses — a  character  of  i 
pliism  which  seems  to  be  common  to  many  of  the  formatic 
important  point  about  the  serpentinous  rocks  is  that  they  hi 
already  proved  to  be  the  receptacles  of  mineral  wealth, 
p  irts  of  the  country  i^ere  is  the  strongest  evidence  to  show 
i^land  has  lately  emerged  from  the  sea,  and  during  this  elevt 
reasons  which  have  in  part  been  previously  expressed,  wc 
that  Coast-ice  was  the  chief  agent  in  impressing  on  the  cot 
glaciated  character  which  it  now  carries — a  view  which  hi 
quently  been  strengthened  by  observations  on  the  coast  of 
Besides  the  metalUi^rous  wealtli  of  the  island,  which  is  in  t 
confined  to  the  serpentines  of  the  Middle  Quebec  Group,  ra 
be  expected  from  the  Coal-measures.  When  the  value  of  t 
formations  becomes  fully  recognized,  we  may  expect  to  see 
government  stimulated  to  giving  further  aid  to  geologia 
ration, — explorers  will  be  attracted,  the  drears^  wastes  of  tl 
unknown  interior  will  be  penetrated,  and  something  mor 
will  be  learnt  about  the  early  history  and  formation  of  < 
neglected  and  oldest  colony  Newfoundland.^ 


III. — What  is   a   Brachiopod  ? ' 
By  Thomas  Davidson,  F.R.S.,  F.G.S.,  V.P.P.S. 

PART  III. 

(  With  a  large  folding  Table.) 

Affinities  of  the  Brachiopoda. 
For  some  years  past,   the  serious  attention  of  several 
malaoologists  has  been  directed  to  the  endeavour  to  detei 

*  I  refrain  from  more  at  present,  than  to  make  a  few  general  ren 
Mr.  Milne's  conclnsions  in  regard  to  glacial  action,  and  the  rise  of  tl 
I  shall  probably  have  something  to  say  upon  these  subjects  at  a  futur 
think,  howerer,  there  are  evidences  to  show  that  there  must  have  beer 
glacial  action,  probably  intermittent ;  and  that  the  rock-basins  of  many  o 
lakes  of  the  interior,  and  other  phenomena  at  high  elevations  in  the  intei 
the  coaat,  can  only  be  accounted  for  as  the  result  of  such  an  agency.  I 
that  the  eyidences  we  have,  of  the  rise  of  the  land  in  very  recent  times,  c 
an  elevation  of  over  a  hundred  feet  at  mont  over  the  present  level  of  the  se; 

My  new  Geological  Map  of  Newfoundland  will  probably  aid  in  illust 
Mr.  Milne*8  and  my  own  remarks.  It  may  be  obtained  at  Mr.  Edward 
65.  Churing  Cross. — Alex.  Murray. 

*  (Concluiftd  from  the  May  Number,  p.  208.) 
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Snities  of  the  Brachiopoda,  or  the  exact  position  the  group  should 
cupy  in  the  animal  kingdom.  Tlie  Invertebrata  have  been  grouped 
to  five  sub-kingdoms,  namely,  the  Protozoa,  CoBlerUerata,  Annuloida, 
^ntilosn,  and  MoHusea,  and  for  many  years  the  Brachiopoda 
ive  been  considered  to  constitute  a  separate  class  in  the  sub- 
iigdom  Mollusca,  a  view  still  maintained  by  some  distinguished 
turalists.  Milne-Edwards,  some  years  back,  separated  the 
ollusca  into  two  divisions,  Mollusca  and  MoUuseoida,  and  into  the 
it  division  he  place<l  the  Brachiopoda,  Polyzoa,  and  Tunieaia,  an 
rangeraent  that  has  been  followed  by  many  naturalists.  Although 
e  greater  number  of  zoologists  have  admitted  the  close  connexion 
isting  between  the  Polyzoa  and  Brachiopoda,  some  considerable 
•ubt  has  been  expressed  with  respect  to  the  affinities  and  position 
the  latter  to  the  Tunicata.  Moreover,  a  strenuous  effort  has  been 
ade  by  such  excellent  observers  as  Steenstrup,  Morse,  Kowalevsky, 
id  Alex.  Agassiz  to  demonstrate  that  the  affinities  of  the  Brachio- 
Kla  and  Polyzoa  are  with  the  worms,  and  that  they  should  form  a 
vision,  or  two  diviaions,  of  the  Annulosa,  and  be  placed  dose  to 
e  Annelids. 

In  his  review  of  Kowalevsky 's  admirable  memoir  on  the  embryo- 
2:y  of  Argiope,  Thecidium,  and  Terehratula,  Alex.  Agassiz  observes : 
The  close  relationship  between  the  Brachiopoda  and  Bryozoa 
^olyozoa)  cannot  be  more  fully  demonstrated  than  by  the  beautiful 
•a wings  upon  plate  v.  of  Kowalevsky's  history  of  Thecidium,  We 
all  now  have  at  least  a  rational  explanation  of  the  homologies  of 
t-achiopods ;  and  the  transition  between  such  types  as  Pedicellina  to 
embraiiipora  and  other  incrusting  Bryozoa  is  readily  explained  from 
e  embryology  of  Thecidium.  In  fact,  all  incrusting  Bryozoa  are 
ily  communities  of  Brachiopods,  the  valves  of  which  are  continuous 
id  soldered  together,  the  flat  valve  forming  a  united  floor,  while  the 
iivex  valve  does  not  cover  the  ventral  valve,  but  leaves  an  open- 
g  more  or  less  ornamented  for  the  extension  of  the  Lophophore." 
With  respect  to  tlie  Tunicata  we  are  reminded  by  Morse,  that 
owalevsky,  Kupfler,  Schultze,  and  others,  assign  to  them  a  position 
the  base  of  the  Vertebrate  series,  through  the  affinities  of  some  of 
eir  forms  to  Amphioxus,  as  well  as  their  singular  embryological 
lations  to  the  Vertebrates.  Gratiolet  states  likewise  that  the  Tuni- 
ta  are  in  no  way  related  to  the  Brachiopoda,  and  Hancock,  in  1870, 
:pre8sed  himself  to  me  as  follows,  "  Of  late  years  I  have  gradually 
clined  to  the  opinion  that  the  Brachiopoda  are  not  so  closely  re- 
ted  to  the  Tunicata  as  we  at  one  time  thought.  I  am  now  busily 
gaged  in  working  out  the  Tunicata,  and  they  seem  to  be  very  in- 
nately connected  with  the  Lamellibranchs.  I  am  disposed  to 
nsider  that  there  is  a  considerable  hiatus  dividing  the  Tunicata 
yin  the  Brachiopoda  and  the  Polyzoa  or  Bryozoa,  and  that  these 
.'o  latter  groups  alone  shoulct  be  included  in  the  Molhiscoida,  If 
erefore  Morse  can  establish  his  doctrine,  it  will  relieve  me  of  some 
tie  difficulty,  inasmuch,  as  it  will  militate  against  Huxley's  view 
at  the  branchial  sac  of  the  Ascidian  is  the  homologue  of  the 
lar^'nx  of  the  Polyzoa.    My  idea  being  that  the  bi-auchial  eaa  \f^  iW 


264  jT.  Davidson —  What  is  a  Brachiopod  f 

true  representative  of  the  gill  plaits  of  the  Lamellibranch,  and  has 
nothing  to  do  with  the  pharynx  of  the  Bryozoon.  There  are  some 
characters  of  the  Brachiopoda  that  are  very  puzzling."  It  is  there- 
fore evident  that  the  dismemberment  of  the  Mollusooida  must  he 
considered  necessary,  and  that  we  cannot  place  the  Brachiopoda  and 
Folyzoa  in  the  same  division  with  the  Tunicaia, 

The  Brachiopoda  have  likewise  been  considered  by  Gratiolet,  and 
some  others,  to  be  allied  to  the  Crustacea.  Morse  reminds  us  also  that 
twenty -six  or  twenty-seven  years  ago  Prof.  Steenstrup  had  not  only 
considered  the  Brachiopoda  as  worms,  but  had  placed  them  near  the 
tubicular  annelids. 

It  would  not  be  possible,  in  this  short  paper,  to  enter  into  the 
numerous  and  elaborate  details  given  by  those  zoologists  in  support 
of  their  views,  and  the  reader  must  consequently  refer  for  more 
ample  information  to  Prof.  Morse's  several  memoirs  upon  the  sub- 
ject, and  especially  to  the  one  on  "  the  systematic  position  of  the 
Brachiopoda"  published  in  the  Proceedings  of  the  Boston  Society 
of  Natural  History,  vol.  xv.,  1873,  as  well  as  to  Kowalevsky's  im- 
portant memoir  published  in  1875.  This  last,  however,  written  in 
the  Russian  language,  not  being  accessible  to  every  reader,  I  cannot 
do  better  than  reprodi^ce  the  short  review  published  by  A.  Agassiz 
in  Silliman*s  American  Jownal  of  Science  and  Art  for  1874.  **  The 
second  memoir  of  Kowalevsky  is  a  very  complete  history  of  the 
development  of  Brachiopods,  strikingly  in  accordance  with  the  views 
of  Steenstrup,  and  of  Morse,  on  the  affinities  of  the  Brachiopods 
with  Annelids.  The  homology  between  the  early  embryonic  stages 
of  Argiope  with  the  known  annelid  larva)  is  most  remarkable,  and 
the  resemblance  between  some  of  the  stages  of  Argiope  figured  by 
Kowalevsky,  and  the  corresponding  stages  of  growth  of  the  so-calle<i 
Loven  type  of  development  among  annelids  is  complete.  Tlie  number 
of  segments  is  less:  but  otherwise  the  main  structural  features  show 
a  closeness  of  atjreement  which  will  make  it  difficult  for  concho- 
legists  hereafter  to  claim  Brachiopods  as  their  special  property. 
The  identity  in  the  ulterior  mode  of  growth  between  the  embryo  of 
Argiope^  and  of  lialanoglossus,  in  the  Tornaria  stage,  is  still  more 
striking ;  we  can  follow  the  changes  undergone  by  Argiope  while 
it  passes  through  its  Tornaria  stage,  if  we  may  so  call  it,  and  becomes 
gradually,  by  a  mere  modification  of  the  topography  of  its  organs, 
transformed  into  a  minute  pedunculated  Brachiopod,  differing  as  far 
from  the  Tornaria  stage  of  Argiope  as  the  young  Balanoglossus 
diffijrs  from  the  free  swimming  Tornaria.  In  fact  the  whole  develop- 
ment of  Argiope  is  a  remarkable  combination  of  Loven's  and  of 
Tornaria  types  of  development  among  worms.  His  paper  also  in- 
cludes the  history  of  a  less  vermiform  ty^>e  of  development,  that 
of  l^hecidium,  and  of  Terebratula,  in  which  the  observations  of 
Kowalevsky  fully  agree  with  the  previous  well-known  memoir  of 
Lacaze-Duthiers  on  Thecidiumt^  and  of  Morse  on  Terehratidina,^  and 
it  certainly  is  a  striking  proof  of  the  sagacity  of  Morse  to  have 

*  Annales  des  Sciences  Naturellcs,  4^'"*  serie,  Zool.  toI.  xv.  1861. 
3  Memoirs  of  the  lioston  Society  of  Natural  Ilistory,  vol.  li. 


T,  Davidson —  What  is  a  Brachiopod  f  265 

announced  so  positively,  from  the  history  of  the  American  Brachio- 
poda  alone,  the  vermiform  affinities  of  the  Brachiopods  now  so  oon- 
clnsively  proved  by  the  development  of  Argiope  in  Kowalevsky's 
paper." 

No  one  can  doubt  that  the  Brachiopods  and  Amphitrites  possess 
many  important  characters  in  common  after  perusing  the  admirable 
observations  upon  the  subject  contained  in  Prof.  Morse's  memoir ; 
but,  at  the  same  time,  as  was  remarked  to  me  by  Prof.  Verrill, 
almost  any  invertebrate  group  may  be  annelidelized  by  overrating 
certain  points  of  its  affinities ;  and,  it  seems  to  me,  that  one  must  not 
place  entire  confidence  in  any  classification  which  is  founded  to  so 
great  an  extent  on  embryological  characters.  It  may  t»rn  out,  how- 
ever, that  the  Brachiopoda  realli^  constitute  a  division  of  the  Annelida 
The  set»  do  not  appear  to  be  a  constant  character,  and  the  tendinous 
peduncle  of  the  Terebratulidse  seems  very  dififereut  from  the  annu- 
lated  structure  which  Morse  describes  in  Lingitla,  and  it  appears, 
according  to  Dr.  J.  Gwyn  Jeffreys,  to  closely  resemble  the  peduncle 
of  a  species  of  Anomia  {A.  paielliformis),  Lmgida  being  likewise  an 
aberrant  form. 

Morse  does  not,  however,  fail  to  observe  that  **  in  considering  the 
assemblage  of  remarkable  characters  in  the  Brachiopoda,  we  must 
recognize  in  them  a  truly  ancient  type.  Thus,  while  we  do  not  find 
them  in  all  their  characters  resembling  any  group  of  worms,  1  have 
endeavoured  to  show  that  all  their  features,  to  a  greater  or  lesser 
d^ree,  are  shared  by  one  or  other  of  the  various  groups  of  the 
Vermes,  with  one  or  two  features  of  the  Arthropods." 

Morse  concludes  his  elaborate  series  of  observations  by  stating 
that  he  must  regard  the  Brachiopoda  as  ancient  cephalized  Chcetopods, 
while  Serpida,  Amphitrite,  Sabella,  Frottdaj  and  others,  may  be 
regarded  as  modern  (later)  cephalized  Choetopods. 

Mr.  Dall,  a  distinguished  American  naturalist,  is  strongly  opposed 
to  the  idea  of  placing  the  Brachiopoda  among  the  Annelids,  and  in 
order  that  the  reader  may  become  acquainted  with  both  sides  of  the 
question,  we  must  refer  him  to  Dall's  paper  in  the  American  Journal 
of  Science  for  1871.  Therein  he  maintains,  after  a  lengthened  com- 
parison between  the  Annelids  and  Brachiopoda,  that  these  last  are 
allied  to  the  other  groups  included  in  the  Mollvac&ida,  and  through 
their  combined  characters  to  the  typical  MoUusca.  Stoliczka  agrees 
with  the  conclusions  advocated  b}'  Dall,  and  adds,  **  There  cannot 
be,  I  think,  much  doubt  as  to  the  true  Molluscous  character  of  the 
Brachiopoda,  and  their  proper  classification  between  the  Anomiida 
of  the  Pelecypoda,  and  the  Saccopoda,  and  the  ann-bearing  section 
of  the  Ciliopoda."  ^ 

With  such  contradictory  views  as  have  here  been  briefly  announced, 
it  seems  still  premature  to  emit  a  positive  opinion  with  respect  to 
the  affinities  of  the  Brachiopoda,  notwithstanding  the  mass  of  most 
valuable  information  so  ably  contributed  to  science  by  Morse, 
Kowalevsky,  Dall,  and  others.     The  following  observations  on  the 

*  PalflBontologia  Indica,  Brachiopoda,  \ol.  W.  W7.. 
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Affinities  of  the  Brachiopoda  have  been  kindly  oommnnicated  to  me 
by  Prof.  W.  King,  Sc.D.  :— 

*'  The  group  Paliiohranehiata  embracer  forms  farmed  of  two  t3rpe8  of  orgtnixa- 
tion.  Tlie  ul^ence  of  an  anal  vent  in  the  ('listcnterata  makes  'toem  inferior  to 
the  aniferoiu  TretenteniteB.  In  determining  the  affinities  of  the  ^roop  txn. 
tlioughts  Bhould  be  directed  to  the  simplest  of  these  divisions:  but  a  difficulty 
ari.nes ;  for,  so  far  as  is  known,  the  second  and  highest  division  was  the  first  thit 
made  its  appearance.  Thlo,  however,  mar  he  got  over  on  the  sappositioo  that  the 
Tri'tonteratcs  became  degraded  into  the  Cl'istenteratos, — soch  a  metasmotosis  it  mK 
unknown ;  for  example,  the  ventless  Ophiurids  are  outcomes  of  aniferous  pluteilcni 
larvae,  and  probably  a  similar  metasmutoftis  takes  place  in  certain  ventless  asieroidf 
(AMtropeetettf  Luidia^  etc.).  Adopting  this  8up|K)(iition,  the  Clistenterates  maj  bt 
aisniis8(.Hl  from  further  consideration.  I  shall,  therefore,  hegard  the  Tretenteratis 
as  the  initial  or  older  t}'pe.  The  Cambrian  system  is  not  only  the  first  in  whicfa 
indisputable  organic  remains  occur,  but  it  is  tlie  one  in  whicK  the  Polliobrancb* 
make  their  iirst  appearance,  ond,  as  far  as  is  known  at  presont,  they  appear-  to  be 
exclusively  Tretenterates ;  the  genera,  with  purhans  <>ne  exception '  {^fjrthtt  Jfifhii). 
being  all  more  or  less  related  lo  Liuyuh  anu  JH*cifia.  Associated  with  tht^ 
Cambrian  Trctenterata  there  are  remains  of  organisms  belonging  to  other  gnnipi 
besides  the  Palliobranchs.  According  to  the  doctrine  of  Chnmogenesis,  the  natmil 
affinities  of  any  group  of  organisms  can  only  be  di't4»rmined  by  its  structoral  cha^a^ 
ters  being  considered  in  connexion  with  those  of  other  groups  of  coutemporaneoiu 
(geological)  origin,*  I  shall  attempt  to  give  a  table  of  ihe  Cambrian  fosril*  of 
interest  in  connexion  with  the  present  subject,  separated  into  their  respeftire  groapr. 
which  I  have  drawn  up  from  Ilirks's  momoir  on  the  Tremadoc  rocks  in  the  neighbour- 
hood of  St.  Davids,  in  South  Wales : ' — 

I*rotosponffia Spongida. 

Theca 'r  Pteropoda. 

lAwjuhllay  etc ralliobranchint'i. 

J'filasUrina Astiridia  and  Ceptoidia. 

Histiodermay  Sro/ifhits Annelida. 

ranidoxicUiSy  AijuoRtmt^  etc Crustacea. 

Of  these  groups  the  Palliobranchs  have  often  been  associat*^!  with  Pofyzna ;  bat 
lattly  Morse  has  eudeavdured  tt>  show  that  they  are  more  closely  ndatetl  to  one  el 
the  others,  Amulida.    There  is  no  doubt  he  has  suroe<Hleil  in  adducing  certain  points 
in  his  lavour;  but  there  are  so  manv  dissimilarities  between  the  annelids  and  the 
palliobranchs  that  it  is  scarct^ly  to   be  expected  the  polvzoonal  alliance  will  be 
abandoned  by  those  who  have  contended  tor  it,  e^pecialfv  since  the  disiH^ver}'  of 
Jihiihilojilfuni^  a  marine  form  of  Hippocrepian  polyz(»a.*     There  is  another  group  oi 
orgaiii«5nis,  also  occurring  in  (^inibrian  rooks,  which  dinw  not  appear  to  have  attraited 
niucli  notice  in  connexion  with  the  subject  in  hand — I  allude  to  the  Anteruiia,    The 
latf  J<»haniirs  Muller  showed  that  in  the  larval  state  certain  star-tishes  have  tlifir 
form  citmplctely  diHerent  from  what  it  is  in  the  adult  state,  changing  from  bilalt-ral 
to  a  radical  character.     Thi«»  is  especially  the  case  with  the  larval  star-lish  {Bipih- 
fiftrtii  nsttnijtra),  which  possesses  features  strongly  reminding  one  of  the  structure  «»l 
LiiHiuln.     It  hiLsa  large  pi  duncular  appeiuhigr  at  the  posterior  end  of  the  bo*ly  ;  it  '\^ 
furnished  with  a  pair  of  tentaculilVrous  amis  bilaterally  arranged,  with  the  tentacles 
cilialrd;  its  mouth  is  situated  between  and  at   the  base  of  the  arms:  it  hii*  an 
inti'^tine,  which  is  doubled  back  on  itself,  and  terminates  at  one  side  as  an  open  gut/ 
This  seems  so  very  like  the  general  structural  plan  of  Liugula  that  I  preier  asso- 

i  An  Orthin  (ponsibly  a  Clistentorate)  has  boon  found  in  tbc  McneTian  frroup,  but  to  wbateTrr 
div'iMon  it  nmy  bclung  docs  nut  muttfr,  a^  Lini/ufelfa  uconrK  at  the  base  of  the  Cambrianb. 

«  SiH'  a  memoir  by  Frof.  Kiuir,  cntitl(>d,  "  An  Attempt  to  Cbusify  ibe  Tetmbranchiato 
C(i»li:ilo|>ods."  AnnuUof  Natural  History,  in  1845. 

*  Quait.  Joum.  O«»ol,  Soc.  vol.  xxix.  JH72. 

*  Firj't  deHciibed  by  Prof.  Allman  (Quart.  Joum.  Microscopical  Science,  ».  •«.  vol.  ix.  p.  57;, 
next  ()i«cinn  Sur^  (id.  s.  ^.  vol.  xiv.  p.  1  j,  prcvioutily  Ray  Lanke>ter  has  published  aome  Talu.ib.e 
•*  Ucmarks  on  the  .Xffltiitir-  of  Khabdopleura  "  in  the  mime  work,  id  p.  77. 

A  Job.  MQller,  Leber  die  Laxveu  uud  die  MctamorpLobc  dei  Kchinoderm,  p.  22,  Taf.  2,  fi)?.  1, 
1849. 
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dating  the  Tretenterates  with  tbe  lanral  Btar-fisb,  rather  than  with  the  anneUds  in  a 
similar  staj^e,  or  the  adult  forms  of  polyzoons.  The  latter  seem  to  be  more  removed 
from  the  Tretenterates  than  the  annelios.  Chronogenesis,  though  it  appears  to  tell 
eqoallj  in  farour  of  Morse's  view,  may  be  held  as  favourable  to  the  Asteridian 
amnities  of  the  Palliobranchs ;  for  notwithstanding  that  Pulaaterina  BamMyemia 
occurs  in  a  higher  horizon  of  the  Cambrian  system  than  the  annelids  of  the  Long- 
mynds,  Hicks  mentions,  in  a  note  appended  to  his  description  of  the  above  species, 
that  Torrell  and  Linnarsson  have  aescribed  forms  of  a  Star-fish  from  Swedish 
rocks,  supposed  to  be  of  the  Harlech  or  Longmynd  grou])  of  the  Lower  Cambrian. 
Although  admitting  that  the  palliobranchs  manifest  affinities  to  the  annelids,  poly- 
scons,  and  asterids,  I  cannot  relinquish  the  idea  that  thej  are  more  closely  related  to 
the  molluscs.  If  they  do  not  possess  sufficiently  distinctive  characters  entitling  them 
to  rank  as  a  more  comprehensive  division,  I  would,  instead  of  associating  them  with 
any  of  the  first  three  ^oups  above  mentioned,  prefer  that  they  retain  their  old 
position  in  the  sub-kingdom  MoUmea^tiS  defined  by  Cuvier.*' 

I  am,  however,  quite  of  opinion  that,  whether  the  Brachiopods  be 
placed  in  a  separate  group  close  to  the  Mollusca,  or  to  the  Annelids, 
they  possess  sufficient  characters  of  their  own  to  constitute  a  well- 
defined  class. 

DlSTBIBUTION   IN  TlHC. 

Assuming  that  the  reader  is  acquainted  with  the  geological  divi- 
sions into  which  the  crust  of  this  earth  has  been  grouped,  I  may 
at  once  observe,  as  justly  remarked  by  Barrande,  in  his  admirable 
memoir,  "  Epreuves  des  Theories  Pal6ontologiques  par  la  realite," 
that  the  Brachiopoda,  after  the  Trilobites,  occupy  the  most  important 
place  in  the  Cambrian  or  Primordial  fauna.  Thus  in  1871,  out  of 
241  species  known  to  him  as  composing  the  animal  kingdom  of  that 
period,  179  are  referable  to  the  Trilobites  and  other  Crustaceans.  28 
to  the  Brachiopoda,  while  34  species  would  be  divided  between  the 
Annelides,  Pteropodes,  Gasteropoda,  Bryozoa,  Cystidians,  and  Spon- 
gida.  Subsequent  to  these  researches  several  additional  species  of 
Trilobites  and  Brachiopoda  have  been  added  to  the  list  through  the 
indefatigable  exertions  of  Prof.  Linnarsson,  Mr.  Hicks,  and  others. 
If  therefore  we  exclude  the  problematical  *^  Eozoon  Canadense  "  from 
the  animal  creation,  as  some  naturalists  have  done,^  we  find  the 
Brachiopoda  along  with  the  groups  mentioned  by  Barrande  as  the 
earliest  representatives  of  life  at  present  known ;  for  Mr.  Hicks  has 
obtained  undoubted  examples  of  Lingula  or  lAnguleUa  {L,  prir/Heva) 
from  the  very  base  of  the  whole  Cambrian  series  of  St  Davids  in 
Wales. 

It  is  impossible,  for  the  present,  to  offer  more  than  an  approximate 
compaiison,  based  on  numbers,  of  the  genera  and  species  that  have 
existed  during  the  various  and  more  or  less  extended  geological, 
periods ;  and  many  years  will  have  to  pass  away  before  some  master 
minds  will  be  able  to  grapple  with  the  accumulated  observations  of 
a  century  or  more,  and  reduce  the  number  of  genera  and  species 
within  reasonable  limits,  from  which  something  like  trustworthy  data 
may  be  formed.  Much,  indeed,  of  the  confusion  must  be  attributed 
to  the  imperfection  of  the  information  still  existing  on  zoology  and 

^  Dawson,  Carpenter,  Rupert  Jones,  and  otbers,  consider  JSozoon  to  be  a 
Rbizopod  or  Foraminifer ;  while  King,  Eowney,  Carter,  and  others,  firmly  maintain 
that  it  is  a  mineral  production. 
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oomparatiTe  anatomy,  bo  essential  to  the  proper  nndeCTtanitiwg  of 
foBsil,  or  extinct  genera  and  spedeB. 

Bat  to  return  to  our  subjcKst.  I  oannot  do  better  thaa  to  extnot 
from  Lyell  the  fi^owing  passage.  "  Nothing  is  more  vemaikabkb 
in  the  Silurian  strata  generallj  of  all  oonntries,  than  the  pie- 
ponderanoe  of  the  Braohiopoda  over  other  fonns  of  IffoTlnaea*  Tiieir 
prc^KMrtional  nnmbers  oan  by  no  means  be  explained  by  aaiiposiDg 
them  to  have  inhabited  seas  of  gpreai  depth,  for  the  oontnsi  betweta 
the  pakdozoio  and  the  present  stat&of  things  has  not  been  essontitjij 
altered  by  the  late  disooveries  made  in  onr  deep-sea  dredffingiB.  We 
find  the  liyinK  Braohiopoda  so  rare  as  to  form  about  one  Isziy-lbiiidi 
of  the  whole  oivalve  faona,  whereas  in  the  Ijower  Sibiriaii  rooki,  and 
where  the  Braohiopoda  reach  their  maximum,  they  are  represented 
by  more  than  twice  as  many  species  as  the  LameQihranohiate  bi- 
TalTes*  There  may,  indeed,  be  said  to  bo  a  oontinaous  deoiease  of 
the  proportional  number  of  this  lower  tribe  of  Mollusoa  aa  we  pn^ 
oeed  from  the  older  to  the  newer  rocks." 

Dr.  Bigsby  informs  me  that  from  a  conspectus  in  his  new  The- 
saurus- (now  in  the  press)  the  following  numbers  of  Silurian,  Devo- 
nian, and  Carboniferous  Braohiopoda  have  been  given,  with  doe  re- 
gard  to  accuracy,  but  that  after  all  it  is  only  a  careful  approximation 
liable  to  future  disturbances : 


Amerioa. 

EvropOySfee. 

733 
789 
384 

Totad. 

Cambrian  and  Silurian 

689 
677 
488 

1422 

Devonian   

1366 

Carbomferous   ^ 

871 

1754 

1905 

3659 

The  member  from  the  Pdrmian  formation,  which  completes  the 
Palaeozoic  series,  has  not  yet  been  compcrtod,  but  they  are  compara- 
tively few  in  number.     Making  a  large  allowance  for  synonyms,  it 
will  be  seen  that  fully  3000  species  are  already  known  to  have 
existed  during  the  primary  periods.     It  is  also  a  remarkable  fact  that 
the  Braohiopoda,  so  immensely  abundant  during  the  Cambrian, 
Silurian,  Devonian,  and  Carboniferous  periods,  became  apparently 
veiy  much  less  numerous  during  the  Permian  and  Triassic ;  while 
they  again  became  abundant,  although  comparatively  reduced  in  num- 
ber, during  the  Jurassic  and  Cretaceous  period.     In  the  Tertiaries 
they  had  materially  decreased  in  number,  and  are  represented,  at  the 
present  time,  by  about  one  hundred  species.    It  has  also  been  dearly 
ascertained  that  a  certain  number  of  genera  and  species  passed  from 
one  system  or  formation  into  the  one  that  followed  it,  as  may  be 
seen  by  a  glance  at  the  Table,  in  which  the  general  distribution  of 
the  genera  in  time  has  been  given  with  as  much  accuracy  as  the 
present  state  of  our  knowledge  will  admit.     From  this  table  it  will 
be  perceived  tliat  about  9  genera  appeared  for  the  first  time  in  the 
Cambrian  system,  52  in  the  Silurian,  21  in  the  Devonian,  7  Carbon- 
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•0U8,  2  Permian,  2  Triassic,  11  Jurassic,  5  Cretaoeons,  8  Tertiary, 
I  9  in  the  recent  periods.^  But  what  wonderful  changes  have 
n  operating  during  the  incalculable  number  of  ages  in  which  the 
ation  (?)  and  extinction  of  a  large  number  of  genera  and  thousands 
species  have  taken  place.  Some  few  only  of  the  primordial,  or 
t  created  genera,  such  as  Linguin,  JXseina,  and  Crania,  have  fought 
ir  way  and  struggled  for  existence  through  the  entire  sequence  of 
^logical  time.  Many  were  destined  to  a  comparatively  ephemeral 
stence,  while  others  had  a  greater  or  lesser  prolongation  of  re- 
»duction.  These  remarks  lead  me  to  give  some  extracts  from  a 
er  which  I  received  from  Darwin  as  far  back  as  the  26th  of  April, 
)1.  In  that  letter,  this  eminent  and  admirable  observer  writes, 
do  not  know  whether  you  have  read  my  *  Origin  of  Species.'  In 
t  book  I  have  made  the  remark,  which  I  apprehend  will  be 
versally  admitted,  that  as  a  whole,  the  fauna  of  any  formation  is 
3r mediate  in  character  between  that  of  the  formation  above  and 
ow.  But  several  really  good  judges  have  remarked  to  me  how 
irable  it  would  be  that  this  should  be  exemplified  and  worked  out  in 
le  detail,  and  with  some  single  group  of  beings.  Now  every  one 
[1  admit  that  no  one  in  the  world  could  do  this  better  than  you 
:h  Bracliiopods.  The  result  might  turn  out  very  unfavourable  to 
1  views  which  I  hold ;  if  so,  so  much  the  better  for  those  who  are 
^osed  to  me.  But  I  am  inclined  to  suspect  that  on  the  whole  it 
uld  be  favourable  to  the  notion  of  descent  with  modification.  I 
I  hardly  doubt  that  many  curious  points  would  occur  to  any  one 
•roughly  instructed  in  the  subject,  who  could  consider  a  group  of 
ngs  under  the  point  of  view  of  descent  with  modification.  All 
•se  forms  which  have  come  down  from  an  ancient  period  very 
^htly  modified  ought,  I  think,  to  be  omitted;  and  those  forms 
ne  considered  which  have  undergone  considerable  change  at  each 
jcessive  epoch.  My  fear  is  whether  the  Brachiopoda  have  changed 
)ugh.  The  absolute  amount  of  difference  of  the  forms  in  such 
Kips  at  the  opposite  extremes  of  time  ought  to  be  considered,  and 
J7  far  the  early  forms  are  intermediate  in  character  between  those 
ich  appeared  much  later  in  time.  The  antiquity  of  a  group  is  not 
lly  diminished,  as  some  seem  to  think,  because  it  has  transmitted 
:he  present  day  closely  allied  forms.  Another  point  is  how  far  the 
;cession  of  each  genus  is  unbroken  from  the  first  time  it  appeared 
its  extinction,  with  due  allowance  made  for  formations  poor  in 
sils.  I  cannot  but  think  that  an  important  essay  (far  more  im- 
•tant  than  a  hundred  literary  reviews),  might  be  written  by  one 
e  yourself,  and  without  very  great  labour." 

[n  several  subsequently  written  letters,  Darwin  reiterates  his 
jgestions.  I  can  assure  you  that  I  have  not  neglected  a  request 
ning  from  so  eminent  a  quarter,  but  I  am  bound  to  state  that  I 
ire  found  the  subject  beset  with  so  many  apparently  inexplicable 
ficulties,  that  year  after  year  has  passed  away  without  being  able 
trace  the  descent  with  modification  among  the  Brachiopoda  which 
>  Darwinian  doctrine  requires. 

^  These  numbers  must  of  course  bo  considered  providoiiBif  «eeTfi\^«. 
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The  imperfeodoQ  (one  doe,  I  believe,  to  our  di^^  aoqaaiiitaMB 
with  the  subjeot)  in  the  geologioal  record  cannot  in  maaj  oeeee  bt 
doubted,  but  we  have  no  right  to  make  capital  out  of  unkaowii  diia 
We  must  therefore  deal  with  facts  as  we  find  them,  and  see  how  te 
they  will  bear  upon  the  subject  under  examination*  It  may  be  qaili 
true,  that  strata  at  great  distances  cannot  be  positively  asaartod  to  bs 
strictly  speaking  MMolutely  contemporaneous^  althong;h  tfasy  maj 
contain  the  same  animals. 

Prof.  Huxley  has  stated  that  for  anything  that  Geology  and  Fsfai- 
ontology  are  aUe  to  show  to  the  contrary,  a  Devonian  Flon  in  thi 
British  Islands  may  have  been  contemporaneous  with  a  Carfooniiw^ 
ous  Flora  and  Fauna  in  Africa;  but  as  we  have  no  ootainly  tlist 
such  has  been  the  case,  it  cannot  be  adduced  in  support  of  the  theoiy 
under  notice.  It  is  likewise  very  probable  that  some  species  nay 
have  migrated  from  the  sea-bottom  on  which  tb^  originally  lived 
to  some  more  favourable  locality,  and  have  become  to  some  extent 
unified.  No  one  can  seriously  doubt  that  life  has  continued  to  be 
represented  under  one  form  or  another  ever  since  it  was  first  brought 
into  existence,  and  I  consequentlv  cannot  agree  with  M.  Desliajei 
and  others  who  believe  in  a  totu  extinction  of  the  animal  oceatioa 
at  certain  specified  periods.  We  are  also  aware  that»  taking  for 
instance,  the  rocks  of  the  Carboniferous  period,  in  almost  ewy 
locality  in  Europe,  Spitsbergen,  Newfoundland,  America,  India,  or 
Australia,  there  are  present  a  few  species  common  to  all,  in  additicm 
to  a  number  that  are  special  to  the  locality.  Thus,  for  example,  as 
I  have  shown  elsewhere,  Spiri/er  iineatus  is  one  of  those  persistent 
forms,  but  with  different  proportions  according  to  the  locality,  caused, 
no  doubt,  from  the  sea-bottom  being  more  or  less  favourable  to  its 
development  It  is  consequently  very  large  in  the  Punjab,  of  mo- 
derate dimensions  in  Europe,  and  considerably  dwarfed  in  Nova 
Scotia.     Still  the  species  remain  essentially  the  same.^ 

Notwithstanding  the  theoretical  doctrine  that  has  been  promulgated 
with  respect  to  the  origin  of  species,  we  are  still  and  shall  probably 
for  ever  remain  in  the  dark,  or  within  the  region  of  suppositions, 
with  respect  to  so  important  a  question.  In  his  admirable  address 
to  the  Belfast  Meeting  of  the  British  Association,  Tyndall  observes : 
*'  If  you  ask  me  whether  thei^  exists  the  least  evidence  to  prove 
that  any  form  of  life  can  be  developed  out  of  matter,  without  demon- 
strable antecedent  life,  my  reply  is  that  evidence  considered  perfectly 
conclusive  by  many  has  been  adduced ;  and  that  were  some  of  us 
who  have  pondered  this  question  to  follow  a  very  common  example, 
and  accept  testimony  because  it  falls  in  with  our  belief,  we  also 
should  eiigerly  close  with  the  evidence  referred  to.  But  there  is  in 
tlie  true  man  of  science  a  wish  stronger  than  tlie  wish  to  have  his 
beliefs  upheld;   namely,  the  wish  to  have  them  true.     And  this 

^  It  h(U)  l)een  observed  by  Kobert  MacAndrew  that  although  the  size  attained  br 
Molliisca  (and  uo  doubt  by  other  animals)  may  be  influenced  hy  Yarioos  conditions  in 
different  localities,  as  a  general  rule  each  species  attains  its  greatest  size,  as  well  as 
its  greatest  number,  in  the  latitudes  best  suited  to  its  general  development ;  and 
that  whether  a  species  be  Arctic,  Boreal,  Celtic,  or  Lusitiamon,  it  will  grow  largest  in 
the  region  to  wluch  it  belongs. 
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ger  wish  causes  him  to  reject  the  most  plausible  support,  if  he 
-eason  to  suspect  that  it  is  vitiated  by  error.     Those  to  whom  I 
as  having  studied  this  question,  believing  the  evidence  offere<l 
ivour  of  < spontaneous  generation'  to  be  thus  vitiated,  cannot 
jt  it.     They  know  full  well  that  the  chemist  now  prepares  from 
^nic  matter  a  vast  array  of  substances  which  were  some  time 
regarded  as  the  sole  products  of  vitality.     They  are  intimately 
ainted  with  the  structural  power  of  matter  as  evidenced  in  the 
lomena  of  crystallization.     They  can  justify  scientifically  their 
si  in  its  potency,  under  the  proper  conditions,  to  produce  organ- 
.     But  in  reply  to  your  question  they  will  frankly  admit  their 
ility  to  point  to  any  satisfactory  experimental  proof  that  life  can 
eveloped  save  from  demonstrable  antecedent  life."     Further  ou 
dds,  '*  In  fact,  the  whole  process  of  evolution  is  the  manifesta- 
of  a  Power  absolutely  inscrutable  to  the  intellect  of  man.*' 
arwin's  tempting  and  beautiful  theory  of  descent  with  modifica- 
bears  a  charm  that  appears  to  be  almost  irresistible,  and  I  would 
he  last  person  to  assert  that  it  may  not  represent  the  actual 
e  of  specific  development.     It  is  a  far  more  exalted  conception 
.  the  idea  of  constant  independent  creations ;  but  we  are  stopped 
>  number  of  questions  that  seem  to  plunge  the  conception  in  a 
e  of  inexplicable,  nay,  mysterious  difficulties;  nor  has  Darwin, 
ir  as  I  am  aware,  said  how  he  supposes  the  fii*st  primordial  form 
ave  been  introduced.     The  theory  is  at  best,  as  far  as  we  can  at 
ent  perceive,  with  our  imperfect  state  of  knowledge,  but  half 
truth,  being  well  enough  in  many  cases  as  between  species  and 
ies ;  for  it  is  evident  that  many  so-termed  species  may  be  nothing 
e  than  modifications  produced  by  descent.     It  applies,  likewise, 
3cident4il  variations  as  between  closely  allied  genera,  yet  there  is 
h  more  than  this,  with  respect  to  which  the  theory  seems  in- 
cient.     The  strange  geological  persistency  of  certain  types,  such 
f  Lingula,  Discinaf  Nautilus,  etc.,  seems  also  to  bar  the  at  pi'ese'.it 
ough   acceptance   of  such   a  theory   of  general   descent   with 
ification.     Barrande    seems    to    be    strongly   opposed    to    the 
winian  view,  for  in  his  admirable  memoir  .already  quoted  he 
38  :  '*  Par  contraste  nous  devons  constater,  comme  resultat  final 
los  etudes,  que  Tobservation  directe  contredit  radicalement  toutes 
previsions  des  theories  paleontologiques  an  sujet  de  la  com- 
tion  des  premieres  phases  de  la  faune  primordiale  Silurienne. 
effot,  Tetude  speciale  de  chacun  des  elements  zoologiques  qui 
jtituent  ces  phases,  nous  a  demontre,  que  Ies  previsions  theoriques 
:  en  complete  discordance  avec  Ies  faits  observes  par  la  paleon- 
gie.     Ces  discordances  sont  si  nombreuses,  et  si  prononcees  que 
imposition  de  la  faune  reelle  semblerait  avoir  ete  calculee  a  dessin, 
r  contredire  tout  ce  que  nous  enseigne  Ies  th6ories,  sur  la  pre- 
re  apparition  et  sur  revolution  primitives  des  formes  de  la  vie 
nale  sur  le  globe." 

Ve  have  no  positive  evidence  of  those  modifications  which  the 
)ry  involves,  for  types  appear  on  the  whole  to  be  permanent 
long  as  they  continue,  and  when  a  genus  difia^^^oidx^  \^<&x^ 
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is  no  modifioK^oD,  that  I  oan  aee>  of  any  of  iho  ibrnM  tbajt  am- 
tinue  beyond,  as  ftr  at  the  Brabhiopoda  appear  to  be  ooneentd, 
and  why  ehould  a  nnmber  of  genera,  aaob  aa  limgwla,  IKmAm,  Qrmm, 
and  BkynehaneUa^  have  oontinaed  to  be  repieaented  witli  tha'aiBi 
oharaotera  and  often  with  bat  imall  modifioation  in  ah^ie  dnriqgfti 
entire  eeqaoioe  of  geological  atrata?  Why  did  tbnr  not  oflar 
modifioationa  or  alter  during  thoae  inoalonlable  aseaf  Liarilnv 
myself  to  the  Bradhiopoda,  let  ni  see  what  further  £ej  will  tall  ai 
upon  thin  qoeation.  Taking  the  pre^nt  state  of  onr  knowladgs  ai 
a  guide,  but  admitting,  at  the  same  time,  that  any  dayoareomdushi 
and  inductions  may  require  to  be  modified  by  freah  diaooveries^  kt 
us  ascertain  whether  they  reyeal  anything  to  support  Darwimsi 
ideas.  We  find  that  the  larger  number  of  genera  made  their  fint 
appearance  during  the  PalsBozoio  periods,  and  since  they  have  heaa 
decreasing  in  number  to  the  present  period.    We  will  leave  oat  rf 

Sueiition  the  species,  for  they  vary  so  little  that  it  is  often  viqr 
ifficult  to  trace  really  good  distinctive  chaxaoters  between  tiiiem;  it 
is  different  with  the  genera,  as  they  are,  or  should  be,  Ibimded  oa 
much  greater  and  more  permanent  distinctions.  Thus,  for  eyamphb 
ihe  family  Sj^feridtB  includea  genera  which  are  all  charao- 
terized  by  a  calcified  spiral  lamina  for  the  anpport  of  the  Imwhiil 
appendages ;  and  however  varied  these  may  be,  they  always  retaia 
the  ditttinctive  characters  of  the  group  from  their  first  appearanca  tD 
their  extinction.  The  Braohiopodist  labours  under  the  d^oultifls  rf 
not  being  able  to  determine  what  are  the  simplest,  or  which  are  the 
highest  families  into  which  either  of  the  two  great  groupa  of  hit 
favourite  class  is  divided ;  so  fisu:  then  he  is  unable  to  point  out  any 
evidence  favouring  progressive  development  in  it.  But,  ooufining 
himself  to  species,  he  sees  often  before  him  great  varietal  changes,  so 
much  so,  as  to  make  it  difficult  for  him  to  "define  the  species ;  and  it 
leads  him  to  the  belief  that  such  groups  were  not  of  independent 
origin,  as  was  universally  thought  before  Darwin  published  his  great 
work  on  the  Origin  of  Species.  But  in  this  respect  the  Brachiopoda 
reveal  notbing  more  than  other  groups  of  the  organic  kingdoms. 

It  would  appear,  that  the  earliest  forms  among  the  Brachiopoda 
are  referable  to  the  division  Tretenterata,  which  includes  the  genera 
Lingulelta,  Lingular  Discina,  and  Oholella,  Of  these  only  Zingnla 
and  Dtactna  have  lived  on  with  but  slight  modifications  in  external 
shape  during  the  entire  sequence  of  geological  time ;  and  they  are 
still  represented  by  several  species.  But  in  rocks  somewhat  later 
in  age  (from  the  middle  beds  of  the  Menevian  group  or  Lower  Lin- 
gula  flags)  to  those  in  which  the  above  genera  are  found,  there  occutb 
a  species  of  Or  this  (0.  JlicJcsii),  which  may  possibly  be  the  first  re- 
presentative, as  far  as  we  are  aware,  of  the  division  CluUnteraUu 
On  this  point,  however,  I  would  refer  to  Professor  King's  note  pre- 
viously given.  Since  the  Cambrian  period  both  divisions  continue 
to  be  represented  without  apparently  showing  a  tendency  to  pass  one 
into  the  other.  Now  although  certain  genera,  such  as  Terthraiulat 
Rhynchonelia,  Crania^  and  IHsdna,  have  enjoyed  a  very  considerable 
gwAogiCfki  existence,  there  are  genera,  such  as  Sirin^oc^haitu,  UndUi, 
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Porambonitee,  Kantnckina,  and  several  others,  which  made  th^ft  Ap* 
pearance  very  suddenly  and  without  any  warning ;  after  a  while  they 
disappeared  in  a  similar  abrupt  manner,  having  enjoyed  a  oompara* 
tively  short  existence.  They  are  all  possessed  of  such  marked  and 
dbtinctive  internal  characters  that  we  cannot  trace  between  them 
and  associated  or  synchronous  genera  any  evidence  of  their  being 
either  modifications  of  one  or  ti^e  other,  or  of  being  the  result  of 
descent  with  modification.  Therefore,  although  far  from  denying 
the  posaibility  or  probability  of  the  correctness  of  the  Darwinian 
theory,  I  could  not  oonsoientiously  affirm  that  the  Brachiopoda,  as 
far  as  I  am  at  present  acquainted  with  them,  would  be  of  much 
service  in  proving  it  The  subject  is  worthy  of  the  continued  and 
serious  attention  of  every  well-informed  man  of  science.  The  sublime 
Creator  of  the  Universe  has  bestowed  on  him  a  thinking  mind ;  there- 
fore all  that  can  be  discovered  is  legitimate.  Science  has  this  ad- 
vantage, that  it  is  continually  on  the  advance,  and  is  ever  ready  to 
correct  its  errors  when  fresh  light  or  new  discoveries  make  such 
necessary. 

The  importance  of  the  study  of  the  Brachiopoda  must  be  obvious 
to  all.  They  are  among  the  first  well-known  indications  of  life  in 
this  world ;  and  they  have  continued  to  be  very  extensively  repre- 
sented up  to  the  present  time,  lliey  are  also  very  characteristic 
fossils,  by  which  rocks  at  great  distances,  whether  in  New  Zealand 
or  Spitzbergen,  in  the  Himalayas  or  the  Andes,  can  be  identified 
without  its  being  even  necessary  for  the  palaeontologist  to  visit  the 
district  from  whence  the  fossils  are  derived.  They  are,  as  Mantell 
would  have  termed  them,  sure  medals  of  creation,  the  date  of  their 
appearance  firmly  stamped  upon  them,  and  their  distinctive  characters 
so  legibly  impressed  as  to  defy  misinterpretation. 


IV. — On  Mb.  Hklland's  Theory  of  the  Formation  of  Cirques. 

By  the  llev.  T.  G.  Bonnet,  M.A.,  F.G.S.; 
Fellow,  and  late  Tutor,  of  St.  John's  College,  Camhridge. 

IN  the  Quarterly  Journal  of  the  Geological  Society  (vol.  xxziii. 
p.  142)  is  an  important  paper  by  Mr.  Helland,  on  Fjords,  Lakes, 
and  Cirques  in  Norway  and  Greenland.  In  this  he  notices  a  theory 
of  mine  on  the  formation  of  cirques  which  was  published  in  the  same 
journal  (vol.  xxvii.  p.  312).  As  I  mentioned  in  a  note  attached  to  his 
paper,  he  somewhat  misunderstands  me,  supposing  apparently  that 
I  describe  only  cirques  of  a  small  size, — the  fact  being,  that,  so  far 
as  I  know,  the  Alpine  cirques  are  quite  commensurate  with  those  of 
Norway.  This,  however,  is  of  slight  importance.  My  present 
purpose  is  to  give  reasons  why,  after  further  observations  in  the 
Alps  and  Pyrenees,  and  even  in  the  British  Isles,  I  still  prefer  the 
explanation  then  advanced,  that  the  cirques  are  mainly  produced 
by  the  combined  erosive  action  of  streamlets,  to  the  one  given  by 
Mr.  Helland,  that  a  cirque  is  a  result  of  glacial  action. 

I  must  first  remark  that  in  the  Alps  the  persistency  in  direction. 
which  he  observes  in  the  Norway  and  Greenlaiid  o\xc\vie«»,  \^  \i^X. 
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maintained.  Of  those  which  I  descrihed,  some  indeed  look  K. ;  Imt 
the  Creux  de  Champs  and  Fer  k  Gheval  have  a  N.W.  aspect,  the 
former  perhaps  rather  W.N.  W, ;  the  Cirque  Am  Ende  der  Welt  looki 
S.W.,  and  the  two  under  the  Kothstock  almost  due  S.  I  am,  there- 
fore, disposed  to  regard  the  fact  which  he  notices  as  qnite  indepen- 
dent of  any  general  theory  of  the  formation  of  cirques. 

He  further  points  out  that  there  is  a  connexion  between  the  posi- 
tion of  cirques  and  the  height  of  the  snow-line ;  and  that  ctrqnei 
and  glaciers  are  commonly  associated.  Hence  he  condndee  that  the 
cirques  were  excavated  by  the  glaciers,  and  describes  the  mode  in 
which  he  conceives  this  to  have  been  effected.  There  is,  no  doubt, 
some  connexion  between  the  level  of  the  snow-line  and  of  the  bed  of 
the  cirque.  In  the  Alps,  however,  the  bed  of  the  more  important 
cirques  is  generally  far  below  the  former.  (Professor  Grastaldi's 
statement  I  think  places  the  lower  limit  rather  too  high.)  Most  of 
those  which  I  describe  have  their  floors  about  4o0(y  to  600(y  above 
the  sea-level ;  but  I  have  also  seen  them  much  higher.  The  rela- 
tion, however,  in  no  way  militates  against  my  view,  because,  when 
the  walls  of  the  cirque  rise  up  beyond  the  snow-line,  the  oonditions 
most  favourable  to  stream  erosion  prevail,  as  a  perennial  supply  of 
snow  restA  on  the  higher  ledges  and  slopes ;  in  fact,  I  think  it  would 
be  difficult  for  a  large  cirque  to  be  formed,  unless  the  streams  were 
supplied  by  suow-beds.  Again,  as  to  the  connexion  between  cirques 
and  glaciers.  Mr.  Helland  says,  **  Where  the  mountains  are  higher 
and  isolated  glaciers  are  very  numerous,  cirques  are  also  numerous; 
and  as  isolated  glaciers  are  here  capable  of  being  formed  and  main- 
tained at  an  inconsiderable  height  above  the  sea,  the  cirques  also 
occur  at  but  slight  elevations."  As  1  have  just  observed,  proximity 
to  the  snow- lino  is  undoubtedly  favourable  to  the  formation  of 
cirques,  and  I  quite  agree  that  the  above  association  is  one  of  cau^ 
and  effect,  only  that  which  ]^Ir.  Ilelland  deems  eause  I  consider  efl'ett 
— no  doubt  a  rather  important  difference.  1  believe  that  n*olateii 
glaciers  abound  where  cinpies  abound,  because  a  cirque  with  its 
sheltered  recesses  is  peculiarly  favourable  to  the  fonnation  of  a 
glacier.  This  connexion  seems  to  me  no  more  to  prove  his  case  tliau 
the  occurrenee  of  a  puddle  in  the  sheltered  corner  of  a  quarry  proves 
that  the  water  excavated  it. 

I  proceed  then  to  offer  reasons  why  I  consider  Mr.  Helland's 
theory  of  the  fonnation  of  cirques  inadequate.  It  is  thus  stated — 
"As  the  temperature  around  the  glaciers  constantly  varies  about  tbo 
freezing-|)oint,  the  incessant  freezing  and  thawing  of  the  water  in 
the  cracks  in  the  rock  may  split  it,  and  the  ghicier  may  do  the  work 
of  transpi notation  for  the  fragments  thus  broken  loose.  On  examining 
the  interior  of  an  enijity  cirque,  we  observe  that  a  bursting,  not  a 
8COO])ing  out  of  the  rock  lias  taken  place."  If  I  understand  him 
rightly,  he  reganls  the  cirque  as  formed  by  a  sort  of  process  of  per- 
petual "tooth  drawing.*' — the  bed  or  sloj)e  of  the  mountain  beneath 
the  gh\cier  is  cracked  by  changes  of  tenq)erature,  the  fragments  are 
caught  by  the  suj)erjac«'ut  ice,  lilted  up,  perhaps  wrenched  out,  and 

cne  away,     ^ow  with  regard  to  this  theory,   I  must  remark  is 
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limine  that  I  cannot  admit  a  neeeetary  connexion  between  cirques 
and  glaciers,  because  I  see  no  possibility  of  drawing  any  bard  and 
fast  line  between  cirques,  corries,  and  even  the  ordinary  bowl-shaped 
heads  of  valleys  so  common  in  any  country  which  has  been  sub- 
jected to  meteoric  action.  The  small  passes  into  the  large,  the  slope 
steepens  into  the  precipice ;  but  rain  rills  before  they  gather  into  a 
streamlet,  streamlets  before  they  gather  into  a  river,  all  produce 
the  same  result ;  viz.  a  bowl-like  excavation  in  the  mountain-sidev 
which  is  drained  by  the  one  outlet  valley.  I  have  even  seen  cirques 
OB  clayey  banks,  in  miniature,  with  walls  that  might  almost  be 
measured  by  inches.  Connecting  links  may  be  fonnd,  through 
corrie  and  cwm,  between  the  merest  bowl-like  hollow  on  some 
down  of  Chalk  or  Oolite  or  even  some  plateau  of  sandy  clay,  and 
the  grandest  cirque  of  the  Alps  or  Pyrenees.  The  differences  are 
due  to  the  nature  of  the  materials  and  to  other  local  circumstances. 

Besides  the  above,  the  following  objections  seem  to  me  to  make 
Mr.  Holland's  hypothesis  untenable. 

1.  The  general  smoothness  of  the  rock  in  the  bed  of  cirques  and 
oorries.  Where  I  have  seen  the  live  rock  in  the  bed  of  a  cirque  or 
corrie,  it  is  usually  smooth  and  icewom.  Were  it  formed  as  Mr. 
Holland  supposes,  it  should  be  always  rough, — pitted  with  the 
sockets  of  the  extracted  rocky  teeth, — because  it  is  deepened,  not  by 
the  wearing  away  of  prominences,  but  by  the  fracture  of  fragments. 
The  sharp-edged  blocks  of  which  he  speaks,  so  far  as  I  have  seen 
them,  are  generally  loose  and  strewn  over  the  basin,  i,e.  they  have 
^ither  fallen  directly  from  above  or  been  dropped  by  the  melting 
glacier. 

2.  His  theory  fails  satisfactorily  to  account  for  the  tarns  in  certain 
cirques  when  they  are  true  rock-basins.  "  It  does  not  seem  likely 
that  they  were  mainly  scooped  out  like  the  great  leJces,  along  the 
sides  of  which  we  see  groovings  and  roches  motUonnees  one  beside 
the  other ;  for  in  the  little  lakes  one  often  sees  sharp-edged  blocks 
covering  the  bottom.  When  the  glaciers  of  the  cirques  filled  these 
small  lakes  so  as  to  leave  but  little  water,  it  seems  probable  that  the 
water  thus  left  would  freeze  in  winter,  so  that  the  whole  tarn 
would  be  frozen  to  the  bottom,  and  the  rocks  in  that  way  broken 
loose.  Whatever  may  be  the  manner  in  which  these  blocks  are 
broken  out,  we  see  that,  from  their  situation  and  form,  a  bursting  has 
taken  place  in  these  tarns,  so  that  they  are  the  last  works  of  the 
glaciers  in  the  cirques."  I  quite  agree  with  the  final  clause ;  but 
think  that  the  rest — that  the  existence  of  the  tarn  before  its  basin — 
is  rather  like  "  seeing  the  roads  before  they  were  made."  These  tarns 
are  in  fact  among  the  basins  which  I  readily  concede  to  glacier 
action,  because,  if  a  small  glacier  forms  in  a  previously  existing 
corrie  or  cirque,  the  descent  of  the  ice  from  the  steep  surrounding 
slopes  on  to  the  level  floor  will  facilitate  erosion;  so  this  is  just 
where  I  should  expect  to  find — and  commonly  do  find — a  basin  ; 
but  I  have  seen  true  cirques  without  tarns.  The  floors  also  of  these 
basins,  as  stated  above,  where  visible,  are  smooth  and  icewom. 
Farther,  as  these  basins  appear  to  be  sometiniea  oi  Goxi«\^<&xik^^ 
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depth,  how  aie  the  exoaTated  matoriala  renoved  ?  Whan  tten  m 
maoh  prawnre  from  the  ice  behind,  that  in  front  maybelbroed  i^U 
for  a  Bhort  distance,  and  a  sort  of  aoooping  action  maintained;  bit 
I  fail  to  tee  how  tUi-oonld  happen  with  Mr.  HeIla&d*B  tbeoiy. 

8.  The  rise  of  some  of  the  eir^uea  appean  to  me  mho  a  frtd 
objectioD.  The  walla  of  the  cirqaea  in  the  Alpa  and  Pjicneea,  lib 
thooe  deeoribed  by  him,  are  often  2000^  or  SOOO'  YAA.  Indeed  om 
might  almost  call  those  of  the  Oreaz  de  Champs  doable  that;  fcr 
the  precipioes  (aa  I  well  know)  rise  with  inaooesaihie  stesfMSi. 
interrupted  by  mere  ledges,  from  the  floor -of  the  draae  to  Ae  yvtj 
crest  of  the  Diablerets.  Does  Mr.  Hdland  seriooaly  mean  to  sij 
that  "a  small  isolated  glacier"  has  settled  almost  vertioallT  dowB- 
wards  on  the  rile  of  Uns  cirque,  deepening  its  bed  bj  a  tnoiMMMl 
yards, — and  that  too  beneath  its  n6r6,  where  the  •eroriTe  power  ii 
weakest? 

I  am  content  to  adc  any  one  to  replace  the  material  remoTod  fron 
one  of  these  great  cirques,  to  clap  a  glacier  <nk  some  accidental  hidlow 
on  the  monntain,  and  then  to  oonsider  if  the  problem  pzmosed  ii 
mechanically  posrible.  We  riioald  want  die  "rotatory  riauiais 
whirlpools  of  ecstatic  ice — like  whirling  dervishes,*'  which  ]&•  Bodda 
long  ago  saggested,  to  perform  work  uke  this. 

4.  Bat  suppose  for  one  moment  we  are  net  staggered  bj  tfab 
feat  of  excavation.  Snppose  we  imagine  a  tbonsand  yards  of  rook 
dug  almost  vertically  out  of  the  mountain-ride.  Are  we  not  thea 
forced  to  admit  one  of  the  following  alternatfvee  ?  If  this  energetic 
glacier  was  limited  to  the  immediate  yicinitj  of  the  oirqne,  then 
the  floor  of  this  part  of  the  valley  ought  to  be  lower  thui  that 
further  down ;  in  other  words,  there  should  always  be  a  deep  lake 
beneath  the  walls  of  the  cirque  (which  there  is  not) :  or  else  the 
valley  must  have  been  immensely  deepened  and  modified,  almost 
excavated,  by  the  glacier.  It  is  l^is  latter  alternative  which  I 
miderstand  Mr.  Ilelland  to  accept;  it  is  this  which  in  my  fint 
pnper  I  endeavoured  to  show  was  inevitable ;  and  it  is  exactly  this 
whicli  is  not  only  unsupported  but  even  opposed  by  the  evidence 
of  the  Alps  and  of  every  mountain  region  which  I  have  seen. 
As  I  have  endeavoured  again  and  again  to  show  in  arguing  against 
the  application  of  the  theory  of  glacial  excavation  to  the  greater 
Alpine  lakes,  we  have  in  the  valleys  little  or  no  indication  of  any 
but  the  most  superficial  effects  of  glacial  erosion.  These  valleys 
commonly  have  the  characteristic  forms  of  river  action.  In  the 
Val  Sesia,  Val  Bregaglia,  in  the  valley  of  the  Dranse  and  many 
more,  I  have  trace<l  glacial  marks  almost  down  to  the  present 
torrent  hed,  where  the  valley  itself  exhibits  the  most  characteristic 
forms  of  fluviatile  erosion.  The  contours  also  of  the  valley  below 
Gavarnie  are  those  of  river,  not  of  glacial  erosion.  If  then  the 
erosive  effect  of  glaciers  is  so  slight  that  it  is  drfficult  to  credit  them 
with  the  greater  Alpine  lakes,  how  can  we  attribute  to  them  cirques, 
which  occur  just  at  the  pt>int  where  they  are  feeblest,  where  the  con- 
nexion with  the  formation  of  the  whole  valley  is  most  inseparable? 

Lastly,  Mr.  Helland  objects  to  my  theory  '<  that  the  part  of  the 
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crest  sorrounding  the  oiique,  and  sloping  to  it,  is  only  some  metres 
broad,  so  that  it  cannot  feed  even  a  very  small  stream."  fiut  in  all 
the  cirques  that  I  have  seen  there  are  the  streams.  In  Gktvamie,  the 
Fer  k  Cheval — all  that  I  have  described,  and  many  more  besides,  the 
streams  are  so  marked  a  feature,  that  even  the  passing  traveller 
cannot  fail  to  notice  them.  Sometimes  they  are  supplied  by  ledges, 
which,  though  almost  invisible  from  below,  are  large  enough  to  sap- 
port  permanent  snow-beds ;  for  instance  on  such  a  precipice  as  that 
of  the  Creux  de  Champs,  a  bed  as  broad  as  Regent  Street  would  from 
below  seem  a  mere  streak.  Sometimes  they  may  be  fed  by  springs  ; 
sometimes  it  may  be  that  the  work  of  erosion  is  coming  to  a  stand- 
still for  want  of  a  sufficient  feeding  ground,  and  the  streams  are 
supplied  only  by  the  rain  drainage  of  the  clifif  itself.  More  than  once 
it  haa  been  rather  a  puzzle  to  me  how  those  which  I  saw  were 
supplied.  But  be  this  as  it  may,  I  have  never  yet  seen  a  cirque 
without  abundant  streamlets;  evidenced  by  the  guUeys  and  water 
stains  in  some  places,  by  the  actual  runlets  in  others,  and  by  the 
talus  heaps  below  alL  Hence  I  conclude  that  the  theory  of  water 
excavation  as  applied  to  all  cases,  big  and  little,  in  hot  countries  as 
well  as  cold — so  far  as  my  experience  goes — is  better  than  that  of  ice 
excavation,  which  seems  mechanically  almost  impossible,  and  leads 
ue  to  conclusions  about  the  formation  of  valleys  which  I  think  most 
physiographers  will  admit  to  be  untenable. 

V. — On  Baron  C.  von  Ettingshausen's  T&iBoaY  op  the  Devklop- 

MKNT   OF   YsaETATION   ON   TOE   EaBTH. 

By  J.  Starkib  Gari>kb&,  F.6.S. 

11.     The  Tertiary  Elemenis  of  the  European  Flora^ 

[Ans  dem  LXIX.  Bande  der  Sitzb.  der  k.  Akad.  der  Wissensck.  I.  Abth.  Marz- 

Heft,  Jahrg.  1874.] 

THE  following  is  an  abstract  of  another  of  the  papers  forwarded 
to  me  from  Graz,  to  which  I  alluded  in  the  April  Number  of  the 
Geological  Magazine.  The  author  first  states  that  the  opinion  he 
had  formed,  that  all  the  Floras  of  the  present  time  were  represented 
in  the  Tertiary  Flora  of  Europe,  has  been  still  more  confirmed  by 
later  researches,  and  then  enters  upon  his  more  immediate  subject. 

Of  all  the  groups  of  plants  comprised  in  our  Tertiary  Floms, 
those  which  resemble  the  Australian  forms  are  the  most  striking  and 
deserve  our  first  attention,  as  their  peculiar  and  unmistakable  charac- 
ters show  more  than  those  of  any  other  group,  how  a  Flora,  now 
completely  exotic  and  distinct,  was  once  fully  represented  in  all  its 
more  important  elements,  in  Europe.  The  Tertiary  strata  of  Europe 
contain  all  the  characteristic  families  of  the  present  Australian  Flora, 
represented  by  many  distinctive  genera  ;  thirteen  families  only, 
and  these  of  small  extent,  not  being  hitherto  found.  The  leaves 
of  Australian  plants  are  very  characteristic  and  easily  recognized; 
and  there  exist,  as  well  as  leaves,  either  fossil  fruits,  or  seeds  of  the 
Proteacese,  belonging  to  the  genera  Banksia,  Dryandra,  Hdkea^ 
Fersoonia  and   Lotnatia,  and  Fetrophiloides  (of  the  latter  the  fruit 
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only  being  known)*  Besidet  ProteftoeaB^  otber  not  \mm  UMadm 
plante  are  known»  about  tbe  determuiation  of  whioh  Aiem  om  be  m 
doabt ;  theae  axe  branobea  and  aeeda  of  Cbunroruui  and  nTaiiinijM. 
branohea  of  LepUmma^  frait  of  Dod(mma  and  IVfiiiiyii  ■—  Li 
addition  to  theae^  twenfcj-aeven  other  genera  are  anamwatad,  and  a 
farther  liat  of  ten  genera  reaembling  Aoatralian  fiicma;  ImI  At 
determination  of  tfaeae  ia  atill  open  to  donbt 

Next  in  importanoe  are  the  repreaentativea  of  tte  Oira  Feoba.  (ao 
lesa  sharply  defined  than  the  Anatraltacn),  wluoh  ia  nndooMadh  le- 
presented  by  WiddrimgUmicL^  the  genera  Pr^Ua  and  If  tuiiiiw, 
Eude^f  BayeuOf  CtM&ma^  and  the  C^itrinem,  the  latter  being  espe- 
cially repreaented  by  numerous  forms,  oloaely  reaemUuig  those  noir 
living.  A  list  of  twrnity-three  other  genera  is  giTon,  arc  the  lepie- 
sentation  in  European  Tertiary  Floras  is  so  complete  that  bat  six 
distinctive  &milies  of  the  Gape  Flora  are  not  fbaad,  and  these  aie 
of  plants  whose  growth  is  for  the  most  part  unfavomable  to  thnr 
preservation  as  fossils. 

The  OnrTBA&  African  Tropical  broiov  (SudangeiUet)  ia  rspie- 
sented  by  the  well-marked  genera  Gardenia  and  Bo§mm,  and  by  ana- 
logues of  specifio  forms  peeuKar  to  this  region. 

Tropical  Asia  (Ifonsungebiet)  is  represented  by  a  great  alsaeiB- 
blage  of  spedes  and  genera,  which  are  noteworthy  oa  aooouat  of 
their  wide  distribution  in  the  Tertiary  strata;  these  are  tkgdkmfMa, 
Dalbergia,  Cm$ahina,  Pter^spermnm,  [Twelve  other  bhiwaoteristic 
genera  are  named,  and  37  analogues  of  £a8t  Indian  types.] 

Less  in  number,  but  of  more  striking  form,  and  also  widely  dis- 
tributed in  the  Tertiaries,  are  the  representatives  of  the  Chiiio- 
Japanese  region.  Four  chai*acteristic  species  of  Gonifersdy  Thmiopsis 
of  Japan,  GlyptOBirohia  and  Cnnntnghamia  of  China,  and  SaliibHria 
common  to  China  and  Jnpan ;  Cinnamomum  and  KoelreuUria ;  besides 
a  host  of  analogous  species  of  Pinus,  Podocarpus,  BeUda^  Ulmua,  and 
ten  other  not  less  important  genera,  represent  this  region  in  the 
Tertiary  Flora. 

Steppb-rbgton  (Steppengobiet).  The  representatives  of  this  region 
ore  by  comparison  only  subordinate ;  but  three  genera,  now  exclu- 
sively confined  to  it,  are  present,  Planera,  Parrotia,  and  Pterocarya ; 
but  species  are  met  with,  analogous  with  those  characterizing  the 
region,  of  eleven  more  widely  distributed  genera. 

Etepresentatives  of  the  Mediterbanban  and  the  temperate  regions 
of  the  Eastern  and  Western  Continents  are  the  most  numerous  of  all 
iu  the  European  Tertiary  Floras.  It  is  remarkable  that  the  more 
the  Australian  elements  are  present,  tbe  less  in  number  these  are, 
and  vice  versd  the  more  these  preponderate,  the  less  the  Australian 
elements  seem  to  dominate.  Thus  in  the  Floras  of  Sotzka,  Hating, 
and  Monte  Promina,  the  proportion  of  Australian  forms  is  1  in  3 ; 
in  the  Flora  of  Sagor  and  Eutscblin  1  in  6 ;  of  Radaboj  and  Leoben 
1  in  14 ;  of  Bilin  1  in  16  ;  of  CEningen  1  in  30 ;  and  in  the  Pliocene 
Flora  but  1  in  40.  On  the  other  hand,  we  find  1  representative  of 
the  Mediterranean  or  Temperate  regions  in  11  or  12  in  the  Floras 
of  Sotzka>  Haring,  and  Moute  Promina ;  1  in  7  at  Sagor ;  1  in  6  at 


of  Development  of  Vegetation  on  the  Earth.  279 

Kutschlin ;  1  in  4  at  Eadaboj,  Leoben,  and  Bilin ;  one-third  at 
CEningen,  and  half  in  the  Pliocene.  [The  list  of  fossil  genera  agree- 
ing with  those  of  the  Mediterranean  region  contains  41  names.] 

Analogues  of  the  floras  of  the  Temperate  regions  have  been  met 
with  in  every  locality,  from  which  Tertiary  fossil  plants  have  been 
obtained.  They  are  divided  into  those  which  are  common  to  both, 
and  those  which  are  peculiar  to  one  of  these,  the  European  or 
American  Temperate  regions.  Included  in  the  former  are  the  ferns 
Aspidittm  and  Osmunda,  and  a  number  of  genera  of  familiar  trees 
and  plants,  as  pine,  oak,  beech,  elm,  poplar,  holly,  lime,  etc.,  the 
Tertiary  forms  of  which  oorrespoud  with  species  now  living  both 
in  Europe  and  America.  A  number  of  fossils  on  the  other  hand, 
belonging  to  genera  now  common  to  both  hemispheres,  resemble 
species  peculiar  to  one  or  other  only.  For  instance,  the  species  of 
Myriea  are  all  of  North  American  aspect,  the  European  forms  not 
being  represented,  whilst  only  European  forms  of  Castanea  have 
been  met  with. 

[Thirty-five  genera  are  mentioned,  a  large  proportion  of  which  are 
monocotyledons  (4  aquatic),  whose  analogues  existed  in  either  one 
or  other  Continent,  or  which  cannot  be  referred  with  certainty  to 
either.  The  list  includes  2  Oymnosperms,  Juniper U8  and  Taxm,  The 
most  remarkable  of  the  dicotyledons  are  Casianea,  Alntu  and  Salix,"] 

As  representatives  of  the  Flora  of  the  Temperate  region  of  the 
Western  Continent,  there  are  37  genera,  besides  those  common  to 
Europe,  amongst  which  are  Smilax,  Sabal,  Plataniis,  Magnolia, 
Sapindns,  Carya.  BhuSj  Juglans,  Spiraa,  Cassia^  etc. 

ITie  Flora  of  the  Prairie  region  is  represented  by  some  analogues 
of  species  of  Qaercus,  Populus,  and  four  other  genera;  the  Cali- 
FORNiAN  Coast  rrgion  by  the  genus  Sequoia  and  species  of  Pinm, 
QaercuSf  Myriea,  Fraxinus,  Juglans^  Salix,  etc. ;  the  Mexican  region 
by  species  of  Quercm,  Ficm,  Symplocoa,  and  5  others;  the  West 
Indies  by  species  of  Sahal,  Dodonaa,  Celastnu,  Myrtus,  Cassia,  and 
9  others. 

More  fully  represented  than  any  of  these  is  the  vegetation  of 
tropical  South  Americci,  no  less  than  59  genera  being  found ;  of  these 
Andromeda,  Aralia,  Casalpinia,  Mimosa,  Acacia,  and  Sapindus  are 
familiar  genera. 

The  Chilian  territory  is  represented  by  few,  but  distinctive 
genera  [11,  including  Fodocarpus,  Celastrus,  and  ArhtUus.'] 

The  Oceanic  Island  Floras  are  represented  as  follows : — Azores, 
Madeira  and  Canaries  by  4  ferns,  Aspidium,  Cheilanthes,  Pteris, 
Woodwardia,  and  by  Laurus,  Dractsna^  and  6  other  genera ;  Mada- 
giwcar  by  Andromeda  and  Elaodendron  ;  Mascarenes  by  Erythroxylon, 
Celastrus  and  Eaodendron ;  Sandwich  Isles  by  Metrosideros  ;  Nor- 
folk Isle  by  Pisonia,  Elaodendron,  Baloghia;  New  Zealand  by 
Hedycarya,  Panax,  Weinmannia  and  Edwardsia, 
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Dr.  Ch.  Barboi^  (Aim.  de  la  Boc.  Geol.  du  Norf,  vol.  iv.  p.  5ti,! 
rpHE  Devonian  strata  of  Uritaiinyare  found  scattered  here  and  tlim 
i      in  the  synclinal  Iiollows  of  tlie  Silurian  beds,  and  bave  forroti 
the  subject  of  numerous  papers  bj  many  eminent.  Fre-ncli  ge«logitIv 
They  consiata   of  aandstonea,  grauwacke,  limestones,  and  Bci]itt& 
and  are  divided  bythe  author  into  five  sections,  each  characteriEed 
by  its  distinct  assemblage  of  fossils.     M.  Barrois  carefully  deecribM 
these  several  divisions  aud  their  contained  fauna;  and  discusses  iheii 
probable  equivalents  in  other  regions.     His  views  OQ    tbis  hxxt 
point  will  be  best  gathered  from  the  following  table,  which  he  hu 
proviflionally  drawn  up. 

DiviMOBB  or  TO*  Lowrn  Ditowuk. 

Kadb  ]>■  Bbmt. 

NiMAO. 

AwiMnfM,  Etreu 

5     S     Srhints  of  Fret. 
S-bI  i.8ehiart  of  Pon- 

Schiutt  of  WisMDbnch. 

Iron  Ore  of  Fonnnics.  *Uk 
Spiriftr  etdlrijufiHia. 

GmtiWTinke  of  HiPr^  (li^i^ 
Red  Schirt*  uf  Vitvui  ud 
Burnot. 

ii' 

Foliated  Khirti, 

■lalo. 
Limolone. 
Orsnwacko. 

It     SlatM. 
C|  UimfMone. 

IIJ"-™'- 

.  ri      81.t«  of  AUe.  Iia»- 
II         ■tone  of  BoniUog. 
II      QnvnAt  of  M<tn- 
tigny. 

•B     ■ 
l|        While  Sftnditone. 
^S      [Iron  Ore. 
'"la  J 

Tiuniu  Banditone. 

Oodinian. 

II. — Thb  Gkoloot  of  the  Northbbn  Past  of  tbb  English  Lake 
District,  [Description  of  Quarter-sheet  101  S.E.  of  the 
Gieolt^cal  Survey  Map  of  England  and  Wales.]  By  J.  Guvton 
Ward,  F.G.S.,  etc     8vo.  pp.  132.     (London.  1876.) 

THIS  Memoir,  the  first  issued  by  tbe  Geolc^cal  Surrey  in  de- 
scription of  the  Lake  Distriot,  is  devoted  to  an  aooonot  of  the 
geology  of  the  country  around  Keswick,  including  the  lakea  of 
Ullswater,  Thurlmere,  Derwentwater,  Basaenthwalte,  Cmmmock 
Water,  Buttermere  and  Ennerdale.  Mr.  Ward  commenoea  with  « 
brief  account  of  the  Physical  Geography,  and  then  gives  a  general 
description  of  the  rocks ;  these  embrace  the  Skiddaw  Slate,  the 
Volcanic  Series  of  Borrowdale  (Green  Slates  and  Porphyries),  the 
Basement  Conglomerate  (often  called  Upper  Old  Bed  Sandstone),  the 
Carboniferous  Limestone,  Glaoial  Deposits  and  Alluvium.    Beadea 
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these  are  numerous  Igneous  Hocks.  All  are  described  in  detail,  as 
well  as  the  character  and  causes  of  metamorphism.  Much  attention 
has  been  given  to  the  Igneous  Bocks  (a  new  feature  in  connexion 
with  the  Survey  publications) ;  and  the  work  is  accompanied  by 
three  coloured  plates  of  microscopic  sections  of  these  rocks. 

The  faults  and  mineral  veins  are  described,  and  one  chapter  is 
devoted  to  Plumbago  or  Graphite.  Cleavage  is  the  subject  of  another 
brief  chapter,  while  the  Physical  History  of  eaph  formation  is  dwelt 
upon  at  more  length.  The  Glacial  Phenomena  of  the  District,  and 
the  Belation  of  the  Scenery  to  G^logy  receive  due  attention,  and 
the  concluding  chapter  is  devoted  to  the  fossils  of  the  Skiddaw 
Slate.  In  an  Appendix  Mr.  Etheridge  describes  some  new  species 
of  Trilobites  from  this  formation,  and  one  new  genus  of  Annelida, 
termed  Slella-Bcolites.  There  is  also  a  useful  Appendix  containing  a 
list  of  all  works  bearing  on  the  geology  of  the  district. 
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Geological  Society  op  London. — T. — April  25th,  1877. — Prof, 
P.  Martin  Duncan,  M.B.,  F.B.S.,  President,  in  the  Chair. 

1.  "On  the  Upper  Limit  of  the  essentially  Marine  Beds  of  the 
Carboniferous  System,  and  the  necessity  for  the  establishment  of  a 
*  Middle  Carboniferous  Group.' "    By  Prof.  E.  Hull,  F.R.8.,  F.G.S. 

The  author,  in  this  paper,  divided  the  whole  of  the  Carboniferous 
rocks  into  successive  stages  from  A  to  G  inclusive,  taking  the  Car- 
boniferous beds  of  Lancashire  as  a  type,  and  showed  that  theRe 
stages  could  be  identified  over  the  whole  of  the  British  Isles.  It 
was  only  recently  that  their  determination  had  been  made  in 
Ireland,  so  that  until  now  the  materials  had  not  existed  for  a 
complete  correlation  of  the  series  in  the  British  Islands.  The 
following  is  an  abbreviated  statement  of  the  representative  stages 
in  descending  order : — 
Essentially  Freshwater  or  Esittartnet  with  one  or  two  Marine  Bands. 

Stage  G. — Upper  Coal-measures  of  Lancashire  (2000  ft)  and 
other  English  coal-fields.  Red  Sandstones,  etc.,  of  Both  well  and 
Ayr.  in  Scotland.     (Absent  in  Ireland.) 

Stage  F. — Middle  Coal-measures  of  Lancashire,  etc.,  with  prin- 
cipal coal-seams  (3000  ft.).  Flat  coal  series  of  Scotland.  Present 
in  Ireland  (Tyrone,  Kilkenny). 

Essentially  Marine, 

Stage  E. — "  Gannister  Beds  "  (Phillips),  with  marine  shells  and 
thin  coals  (2000  ft),  in  Lancashire.  "Pennystone  series"  of 
Coalbrook  Dale,  South  Wales,  etc,  "  Slaty  black-band  **  series 
of  Scotland.  (Present  in  Ireland,  Kilkenny,  Dungannon,  Lough 
Allen  Coal-fields.)  Also  in  Belgium,  Bhenish  Provinces,  and 
Silesia,  with  numerous  marine  shells. 

Stage  D. — Millstone  Grit  Series  of  England  and  Wales.  3500  ft. 
in  Lancashire ;  **  Moorstone  Rock  "  of  Scotland ;  "  Flagstone-series  " 
of  Carlow  and  Kilkenny ;  Millstone  Grit  of  Fermanagh  and  Leitrim^ 
with  coals  and  marine  shells. 
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Staoi  0.—T&redah  Bed$.  8000  feot  in  Lanoubin;  Uppr 
Limestones  and  '*  Lower  Coal  and  bonstone  aeries "  of  Sootiiad; 
Sbale  aeriea  of  Kilkenny  and  Carlow;  Ironstone  shales  of  Lo^^ 
Allen,  with  marine  shells. 

Stags  B.  —  C^hmUferomM  LiiMsiom,  Hoantain  LJintstone  d 
Derbyshire;  "Boanr  Limestone"  in  YoriEshire;  ''Lowsr  Uss- 
stone "  (Roman  oamp)  of  Scotland ;  CarbonifiBrons  LJinaBtons  d 
Ireland. 

Staok  a.— JCmosr  LimMUme  SkaU  of  England.  Oaloifevoos  Bnd- 
stone  series  ("Toedian,"  Tate)  of  N.  of  England  mod  SoodsBd; 
Lower  Garix>nifevons  Sandstone,  N.  of  Ireland ;  Lower  Oariiost* 
ferons  slate,  with  Ooomhola  grits,  with  marine  shells,  &  of  Irahsi 
(In  Scotland,  estnarine  or  koostrine.) 

PsAooslotofJeo/  jBew/it. — On  making  a  oensns  of  the  MoHnson 
and  other  fossils  firom  the  various  stages  above  that  of  the  Carixwi- 
ferous  Limestone  (Stage  B.)  as  determined  by  the  palnontologist  of 
the  Geologioal  Snnrey,  some  interesting  resslts  were  <Atained, 
showing  the  prevalence  of  marine  conditions  up  into  Stage  £,  and  t 
general  change  in  the  oharaotor  of  the  fauna  in  the  suooeediiig 
stages.  Including  only  the  area  of  the  British  Islands,  it  was  found 
that  no  fewer  than  87  genera,  with  74  or  75  speciea,  of  decidedly 
marine  forms,  occur  in  the  Gannistor-beds  (Sta^  £),  of  which  aU 
the  genera  and  about  40  species  were  known  m  the  stage  of  the 
Carboniferous  Limestone.'  The  series  includes  PJUiBipna,  which 
has  been  found  by  Dr.  F.  Bomer,  in  the  representatives  of  Stage  E 
in  Silesia. 

On  the  other  hand,  of  the  whole  number  of  species  in  Stage  £ 
(Ganuister  beds),  only  6  are  known  in  the  overlying  Stages  F  and  G, 
these  being  characterized  by  the  prevalence  of  bivalves  of  supposed 
lacustrine  or  estuanne  habitats,  variously  called  "  Unto  "  and  ''  An- 
thracoBta.**  Of  the  few  species  of  marine  genera  known  in  Stage  F 
(Middle  Coal-measures),  about  5  or  6  species  are  peculiar  to  itself, 
according  to  the  determination  of  the  late  Mr.  Salter. 

Such  a  remarkable  difference  in  the  fauna  of  the  Upper  and 
Middle  Coal-measures,  as  compared  with  that  of  the  Gannistor  beds, 
constituted,  in  the  author's  opinion,  sufficient  grounds  for  drawing 
a  divisional  line  between  those  two  divisions  of  the  Carboniferous 
series.  Of  the  several  existing  methods  of  classification  adopted  by 
different  authors,  none  of  them  appeared  sufficiently  to  recognize 
the  palceontological  distinctions  and  characteristics  of  the  several 
formations.  The  largo  number  of  genera  and  species  which  are  now 
known  to  range  up  from  the  Carboniferous  Limestone  into  the  Gan- 
nister  beds,  and  no  higher,  indicated  tlie  proper  horizon  for  a  divi- 
sional line,  in  fact  a  paheontological  break  at  the  top  of  the  Gan- 
n  inter  beds. 

On  the  other  hand,  the  mineral  and  palseontological  differences 

^  In  the  dibcussion  which  followed  the  reading  of  Prof.  Hiill*i  paper,  the  author  in 
replyint;^  remarked  that  it  seemed  to  him  that  sufficient  importance  had  not 
been  given  to  the  nn1:eonto1o?ical  break  above  the  Gannister  beds;  oat  of  74  species 
of  marine  genera  below  this  line  not  more  than  6  pass  upwards. 


Geological  Society  of  London.  283 

between  the  Carboniferous  Limestone  and  the  overlying  Toredale 
series  ^  were  sufficient  to  justify  their  separation  into  distinct  divi* 
sions ;  while  the  Yoredale,  Millstone  Qrit,  and  Oannister  series,  are 
related  by  close  mineral  and  palceontologiqal  resemblances. 

With  a  view,  therefore,  of  bringing  the  classification  of  the  Car- 
boniferous series  into  harmony  with  the  character  of  the  repre- 
sentative faunas,  and  the  physieal  features  of  the  successive  stages, 
the  author  suggests  that  Stages  C,  D,  and  E,  composed  of  essentially 
marine  beds,  should  be  united  into  a  Middle' Carboniferous  group; 
while  Stages  F  and  G  would  remain  as  at  present,  in  the  Upper 
Carboniferous,  their  fauna  being  essentially  of  fresh  water.  The 
series,  as  thus  amended,  would  be  as  follows : — 

Upper  CABBOKiFBSOOg  Group. 

Stage  O.     Upner  Coal-meusureg     )  Essentially 

f,     P.    Miadle Coal-measores    (freshwater. 

MlBDLB  Ca&B«NIFBR0U8   GrOUP. 

Stage  E.    Lower  Ceal-roeasuresor  Gannister  Beds \  t7..^.4,>  ii„ 

Ta    Millst^me-Orit  series K    ^ 

„     C.    Toredale  series j  Manue. 

Lower  Carbonifbrocts  Group. 

Stage  B.    CarboniferoHs  Limestone  series \  Essentially    ma- 

„     A.    Lower  shales,  slates,  carboniferous  and  calciferous  and  >       rine    (except 
sandstone  series )       in  ScutlanU). 

The  author  then  proceeded  to  show,  by  reference  to  the  writings 
of  Dr.  F.  Romer  of  Breslau,  of  M.  De  Eoninck,  M.  Charles  Barrois, 
etc.,  that  Stage  fi  with  its  marine  fauna  is  represented  both  in 
Germany,  Belgium,  and  France,  as  well  as  in  the  British  Islands, 
so  that  the  classification  would  hold  good  over  Western  Europe, 
which  was  a  sufficiently  extensive  area  to  justify  the  establishment 
of  a  distinct  group  of  strata. 

2.  **  On  Coal-pebbles  and  their  Derivation."  By  H.  K.  Jordan, 
Esq.,  F.G.S. 

In  this  paper  the  author  endeavoured  to  explain  the  mode  of  pro- 
duction of  pebbles  of  coal  in  the  clays  and  sandstones  of  the  South 
Wales  Coal-field  and  elsewhere,  the  occurrence  of  which  had  been 
long  since  noticed  by  Sir  William  Logan  and  Sir  Henry  de  la  Beche. 
His  opinion  is  that  the  pebbles  in  question  are  derived  either  from 
the  seam  of  coal  above  which  they  are  found,  or  from  a  seam  of 
coal  which  formerly  existed  in  the  same,  or  approximately  in  the 
same  position,  and  which  has  been  destroyed  by  erosion,  the  effect 
of  strong  currents  of  water,  which  distributed  the  grains  of  sand 
and  other  materials  upon  the  coal-seeim. 

n.— May  9th,  1877.— Prof.  P.  Martin  Duncan,  M,B.,  F.R.S., 
President,  in  the  Chair, 

1.  '*  On  the  Agassizian  Genera  Amhlypiems,  PalceoniscuB,  Gyro- 
lepisj  and  Pygopterus**  By  Bamsay  H.  Traquair,  Esq.,  M.D., 
F.H.S.E.,  F.G.S. 

The  author's  object  in  this  paper  was  to  discuss  the  chai*acters  by 

^  In  the  south  of  Ireland  there  is  strong  cTidence  that  the  Toredale  beds  ("  Shale- 
series  *')  arc  unconformable  to  the  Carboniferous  Limestone. 
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whicli  fhe  above  genera  of  fossil  fisho8  have  been  stippoeeil  Ui  lit 
distinguisbed  iu  the  csae  of  speciraeas  from  the  Carbooifermis 
aeries.  la  A  mbli/ptenu  Le  iJUtiDguisbed  five  types  aiuong  \h* 
tpeciQH  referred  ,to  tbat  genus  by  Agassiz,  viz. : — L  Of  A.  lalu*  :  11. 
A.  macTopUrM  =z  geuus  Bhabiloiepiii,  Troacb. ;  III.  Of  ^  atnViliu 
^  Coemopli/thiu*,  g.  n. ;  IV.  Of  A.  nemoplerut  =  genus  EioaichUtjt, 
Qieb.  ;  V.  Of  A.  pancialat  =  GonatoduM,  g,  n.  In  Pa/^oniten*  lit 
dislinguiBbed  tbefullowing  types:— I.  01  P.  Freie»kheai ;  fl.  Ofi". 
J>uuemoyi  ^  genue  Ambtyplertut,  Ag. ;  III.  Of  P.  ilriolalut  ^  genot 
ElonieMhyt,  Gieb. ;  of  P.  ornatiMinMis  =  Jlhadinkhlhya,  g.n. ;  VL  Of 
glaphynm  ^  Aeentrophonu,  g.  a. ;  VIL  Of  P.  eatopierut  =:  genui 
Dielyopyge,  Egert.  He  further  (lieouBsed  at  great  length  the  cliano- 
ters  and  affinities  of  the  genera  GyrolepU  and  Pygopterut,  die  former 
of  which  he  regarded  aa  untenable,  on  the  groui>d  of  its  being 
founded  on  frnginentaTy  remains  of  fishes  belonging  to  several  other 
f^nera ;  and  the  latter  as  divisible  iato  the  following  gronps : — I. 
Type  of  P.  Sainbotdlii,  Permian  only  ;.  II.  Type  of  P.  Siicklaiidi= 
Eloniehlhyt,  Gieb.  ;  III,  Type  of  P.  Greenocl!ii=NeMatopliiekiiu, 
g.  a.     There  are  no  Carboniferoua  speoies  of  PygopUrm  proper, 

2.  "  On  the  Circinate  Vernation,  Fructification,  and  Varieties  of 
Spheyioplfris  affinis,  and  on  Staphyhple.ri*  ?  Pfaehii.  Etberidge  ani! 
Balfour,  a  Genua  of  Plaue  new  to  Dritisb  Kocks."  By  C.  W.  Paicfi. 
Esq.,  A.L.S.  Communicated  by  Hobert  Etberidge,  Esq.,  F.II.S., 
T.P.Q-S. 

The  author  noticed  the  ooouirenoe  in  the  CarboniferMu  shales  near 
West  Calder  (Edinburgh)  of  abundant  remains  of  the  fern  described 
by  Lindley  and  Button  as  S]^>enopterif  aginig,  dwelling  eepeciallj 
on  the  circinate  vernation  and  supposed  fructification  of  the  plant 
With  it  were  found  many  fragments  of  small  flower-like  plants, 
which  bad  been  referred  to  the  genns  Sti^hgtoptent,  PresI,  Ihe 
fructifi^catioa  especially  resembling  that  ascribed  to  that  genns.  The 
author  considered  that  in  all  probability  the  Staphylopt^i  was 
parasitic  upon  the  SpkenopUria,  perhaps  after  the  fashion  of  CtucalA 
upon  flowering  plants. 


DiscuMioN.— Ur.   Camithen   ipoke    in   higih    tenni  of   ipnedaticiii   of   Mr. 

""-'-'1  vork  in  nearW  uJI  deputm«nti  of  Natnral  Hittory.    Tha  greatat  credit 

e  to  him  fer  htB  eiccadmgtf  carefid  otweriatioDS.    At  tlie  wma  time  Ur. 


Camith«ra  vas  compelled  to  diffeg  from  him  with  rerord  to  the  planta  which  hid 
been  brought  berore  the  Societj'  00  this  occuion.  The  ittuctare  of  the  fhut  in 
■ome  of  Slur'i  coBl'plints  t>  the  aame  ai  tn  the  liviDg  Htfntmephylhim,  connitjng  of 
1  pBculiarly  arranged,  the  lower  pinnie  of  the  trondi  being  fertile  4nd 


nodilied  aecordingj^.     The  uiiae  thine  uems  Xo  bare  oCdUred  in  Sektruipttrit  afiiiu, 
exceol  tliat  the  (oweT  pinnie  retainra  their  normal  etracture,  kud  the  apical  pimu 
modified  as  the  fruit-beariug  portioa,  which  had  been  regarded  aa  forming  tb 


peculiar  genus  Staphj/lepttn 

3.  "  On  the  Occurrence  of  a  Httcnirous  Decapod  {Avihrapalaman 
Woodwardi,  ap.  nov.)  in  the  Bed  Sandstone,  or  Lowest  Group  of  the 
Carboniferous  Formation  in  the  South-Eaet  of  Scotland."  By  Bobert 
Etberidge,  Esq.,  Jun.,  F.G.S. 

After  giving  a  detailed  bibliegrapby  of  the  Palreozoio  Malaooetra- 
couB  Crustacea,  the  author  described  the  remains  of  a  small  Cms- 
laoean  from  the  lower  group  of  the  Carboniferous  formation  near 
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Dunbar,  and  discussed  it«  affinities  and  systematio  position,  which  he 
regarded  as  being  among  the  Macrurous  Decapods,  although  the 
absence  of  the  eyes  in  the  preserved  specimens,  and  some  other 
characters,  rendered  it  doubtful  whether  it  might  not  in  some  respects 
approach  the  Stomapoda.  Its  position  among  the  Macrura  seemed, 
however,  to  be  established  by  the  well-developed  abdominal  somites 
and  telson.  He  referred  the  fossil  to  Salter's  genus  Anthrapalamon, 
and  named  the  species  A,  Woodwardi. 

4.  "  On  the  Stratigraphical  Position  of  the  Corals  of  the  Lias  of 
the  Midland  and  Western  Counties  of  England  and  of  South  Wales." 
By  B.  F.  Tomes,  Esq.  Communicated  by  R.  Etheridge,  Esq.,  F.B.S., 
V.P.G.S. 

The  object  of  this  paper  was  to  give  the  precise  stratigraphical 
position  of  the  species  of  Liassic  Corals  collected  by  the  author  and 
his  friends  in  the  districts  above  mentioned.  He  noticed  41  species, 
of  which  15  were  described  as  new,  namely: — Cyclolites  AnrUngi, 
ThecoBmilia  longiaerialis,  Montlivaltia  cyclolites,  Thamnastraa  Ethe- 
ridgii,  Thecocyathus  nmcronata,  Montlivaliia  fapyrncea,  and  several 
others  to  which  no  specific  names  are  attached,  chiefly  belonging  to 
t^  genus  Isaatrixa. 


THE  ACTIVE  VOLCANO  OP  OSHIMA.* 
SiB, — It  may  interest  some  of  your  readers  to  learn  that  since  my 
return  to  Tokei,  Japan,  I  find,  from  a  microscopic  examination,  the 
lava  from  the  Island  of  Oshima  appears  to  be  an  Augitic  Andesite, 
containing  some  Sanadine,  and  on  the  whole  resembling  some  of  the 
Java  rocks,  which  will  make  it  very  interesting.        John  Milne. 

Imperial  College  of  Engineeiiino,  Eooakurio,  Tokbi,  Japan. 
March  24M,  1877. 

EXPLORATION  OF  VICTORIA  CAVE,  SETTLE,  YORKSHIRE. 

Sib, — It  was  with  great  surprise  that  I  read,  in  an  abstract  of  the 
proceedings  of  the  Geological  Society  of  London,  the  following 
passage  :  **  The  President  asked  Prof.  Boyd  Dawkins  whether  the 
impression  which  prevailed  in  some  quarters  that  there  had  been  a 
want  of  care  in  the  excavation  of  the  Victoria  Cave  was  well  founded." 

Having  lived  for  a  long  time  in  the  north  of  England,  and  having 
paid  several  visits  to  the  Cave,  since  Mr.  Tiddeman  has  had  the 
charge  of  it,  I  feel  bound  to  state  that  I  have  always  been  struck 
with  the  great  care  shown  in  the  excavation,  and  with  the  scrupulous 
accuracy  with  which  the  position  of  every  article  found  was  noted. 

I  am  morally  certain  that  there  is  no  ground  whatever  for  any 
imputation  of  carelessness;  it  would  indeed  be  a  gross  injustice 
both  to  Mr.  Tiddeman,  who  has  so  generously  sacrificed  so  much  of 
his  spare  time  to  the  work,  and  also  to  Mr.  Jackson,  the  discoverer 
of  the  Cave.  J.   R.  Dakjns. 

^  See  **  Account  of  a  Visit  to  the  Actiye  Volcano  of  Oshima  *'  in  Geol.  Mao. 
May,  1877,  p.  193. 


286  Ccrretpondenee—Mr.  R.  EtAeridffe,  Jmu 

OOLB  IN  THE  OOSIL-M  EA8UBB8  OF  NEW  SOUTH  WILE8. 

SiB, — ^The  following  important  fiicts,  abstracted  from  a  iBpoit  hj 
my  friend  Mr.  0.  8.  Wilkinson,  F.a.S.,  Qovemment  Greolqgiat  d 
New  South  Wales,  to  the  Minister  of  Mines  of  that  Colony,  on  the 
ooonrrenoe  of  payable  gold  in  the  New  South  Wales  Goal^measuns. 
may  be  of  interest  to  your  readers. .  Mr.  Wilkinson  observed  that 
the  gold  found  in  the  alluTial  deposits  of  Tertiary  age  at  the  Old 
Tallawang  and  dough's  Gully  diggings  was  derived  firom  odd* 
glomerates  of  Coal-measure  age,  associated  with  sandstone  sod 
shale  containing  the  very  oharacteristio  genus  of  fossil  plantt, 
Olouopterii,  At  dough's  Gully  the  oonglomerate  in  aUi.  is  woiked 
for  gold,  and  has  yielded  nuggets  weighing  as  much  as  five  oonees. 
This  is  the  first  time  that  payable  gold  has  been  noticed  to  occur  in 
the  New  South  Wales  Coal-measures,  although  it  is  to  that  vetertn 
in  Australian  geology,  the  Bev.  W.  B.  Clarke,  F.B.S.,  and  the  late 
Sir  T.  L.  Mitchell,  Surveyor  General  of  New  South  Wales,  that  we 
axe  indebted  for  the  fiM  announcement  of  the  hci  that  gold  was  to 
be  found  in  rocks  of  the  age  in  question.^  Mr.  Wilkinson  also  states 
that  a  collection  of  fossil  fruits  obtained  from  the  "Black  Lead," 
Gulgong,  under  a  stratum  of  Basalt,  and  at  a  depth  of  168  feet  from 
the  surface,  has  jrielded  to  the  researches  of  the  Baron  F.  von 
Miiller,  M.D.,  F.B&,  etc.,  seven  genera  and  nine  species  of  new 
forms.  The  report  concludes  with  a  reference  to  another  important, 
and  at  present,  unique  discoveiy  by  Mr.  Wilkinson,  that  of  a  spedes 
of  Unto  in  one  of  the  Gulgong^ "deep  leads/'  "the  first  fossil  shell 
of  the  kiud  yet  discovered  in  the  Pliocene  Tertiary  gold  drifts."  * 

Edinburgh,  March  28,  1877.  R.  Ethkridgb,  Jun. 

NATURAL  OR  ARTIFICIAL?  PITS  OF  THE  HA  CITE  MARNE. 

Sib, — At  p.  210  of  Le  Bassin  de  Paris,  by  M.  E.  Belgrand,  a 
letter  from  M.  Royer  is  inserted  giving  the  foUowing  account  of 
some  singular  excavations  in  the  Portland  Plateaux,  Haute  Marne. 

"  On  the  high  hills  of  the  town  of  Poissons  near  Joinville,  the 
culminating  point  of  which  reaches  the  height  of  200  metres  above 
the  river  Kongeant,  these  cavities,  from  their  depth  and  extent, 
acquire  unusual  importance;  certain  of  these  hills  are  literally 
riddled  with  pits  (puits)  ramifying  in  all  directions,  sometimes 
having  a  subterranean  communication  one  with  another  and  reaching 
imascertained  depths,  sometimes  exceeding  30  or  40  mMres.  The 
general  character  of  these  pits  and  the  polish  of  their  rocky 
walls  suggest  that  an  acid  contained  in  the  waters  by  which  they 
were  eroded,  may  have  contributed  to  their  excavation ;  but  their 
extent  and  number  suggest  some  more  powerful  agent;  and  what 
more  powerful  cause  could  you  invoke  than  a  great  quantity  of 
water,  acting  through  a  long  period,  falling  into  the  fissures  of  the 
Portland  rock,  enlarging  them,  fashioning  them,  and  giving  them 
the  capricious  forms  which  we  find  everywhere  in  rocks  subjected 

»  Clarke's  Southern  Goldtields,  New  South  "Wales,  1860,  pp.  44  and  244. 
*  Sydney  Evming  Ntwa,  No.  2940,  Norember  30th ;  and  Sydii$^  UomiHg  Hermld, 
December  2ud,  1876. 
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to  their  action?  ....  Now  among  the  dehris  which  have  fille<l 
these  cavitiefi  .  .  .  hones  of  the  great  mammalia  of  the  Quaternary 
period  have  heen  found."     (Elephant) 

There  is  a  difference  of  opinion  as  to  the  date  of  the  excavation : 
M.  Eoyer  contending  that  it  was  hefore,  and  M.  Belgrand  that 
it  was  after,  the  excavation  of  the  valleys;  hut  hoth  agree  in 
attrihuting  these  pits  to  the  action  of  a  vast  quantity  of  water, 
whether  produced  hy  a  diluvial  cataclysm,  or  else  hy  the  inoessant  rains 
of  the  Pluvial  period  in  which  'they  both  believe.  The  description 
immediately  suggested  to  me  a  strong  resemblance  to  "  Grimes 
Graves,"  near  Brandon,  an  account  of  which  will  be  found  in  the 
Journal  of  the  Ethnological  Society  of  London,  New  Series, 
vol.  ii;  p.  419,  in  an  article  on  the  opening  of  Grimes  Graves,  in 
Norfolk,  by  the  Rev.  William  Green  well,  M.A.,  P.S.A. 

Beyond  all  question  Grimes  Graves  were  excavated  by  the  manu- 
facturers of  flint  implements ;  and  they  were  sunk  to  a  depth  of  30 
or  40  feet  in  order  to  reach  a  layer  of  flint  especially  suited  to  their 
purpose.  There  are  some  circumstances  mentioned  by  M.  Hoyer  in 
which  his  pits  agree  with  these:  their  great  number,  the  subter- 
ranean communication  one  with  another,  and  lastly  the  form,  so  far 
as  it  is  suggested  by  the  French  words  ^puit*  and  'gouffre,^  both 
applied  to  these  pits.  M.  Royer  speaks  of  "  capricious  forms,"  which 
seems  to  betray  the  fact,  that  he  is  puzzled  to  know  how  those  vast 
waters  could  have  done  it  so  regularly  (?).  Tlie  depth  of  "some  of 
them,"  30  to  40  metres,  is  indeed  somewhat  staggering,  being  three 
times  the  depth  of  the  Brandon  pits,  and  the  rock  is  not  Chalk, 
but  corresponds  in  age  to  our  Portland.     M.   Contejean,   in   his 

**  Elements  de  G^ologie  et  de  Pal6ontologie,"  p.  620,  describes  the 
"  terrain  juiassique "  as  consisting  in  thick  argillaceous  and 
calcareous  beds  (massifs),  often  irregularly  alternating,  and  as 
including,  at  various  levels,  ferruginous  layers,  and  layers  of  flint 
nodules.  And  at  p.  426  he  says,  siliceous  nodules  (rognons)  exist  in 
all  sedimentary  deposits,  but  especially  in  the  Jura  limestone  and 
in  chalk.  What  is  the  precise  nature  of  the  Upper  Oolite  in 
Burgundy  and  Champagne  my  library  does  not  give  me  the  means 
of  knowing.  Burat  only  remaiks  that  it  does  not  present  such 
marked  forms  (due  to  the  outcrop  of  limestone)  as  the  middle  and 
lower  Oolite ;  the  argillaceous  part  (assise)  at  the  base  is  but  little 
developed ;  the  greyish  or  yellowish -grey  calcareous  beds  (calcaires) 
of  the  upper  part  (assise),  which  are  found  at  first  in  isolated 
outliers,  on  the  summits  of  the  middle  stage  (etage  moyen),  end  by 
forming,  at  the  foot  of  those  summits,  an  undulating  surface  of  hills 
with  more  or  less  gentle  slopes,  with  altitudes  of  not  more  than  160 
and  200  metres,  the  inclines  and  escarpments  of  which  are  less 
conspicuous.  Among  localities  where  the  beds  may  be  studied,  he 
mentions  Bar-le-duc,  Bar-sur-Seine,  and  Auxerre ;  and  says  that  in 
the  Portland  beds  the  limestone  is  too  much  divided  to  be  quarried, 
and  forms  stony  plateaux  (p.  440).  It  does  not  appear  from  these 
authorities  that  any  insuperable  impediment  exists  to  such  pits 
having  been  sunk  by  man ;  and  the  suggestion  i&  oo\m\AXi'd»xie^  Vj 
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the  fact,  that  although  in  the  comparatively  narrow  and  steep 
valleys  traversing  this  formation,  there  is  but  little  gravel,  and  no 
implements  have  been  found,  yet  on  the  uplands  numerous  and  well- 
made  flint  implements  have  been  collected,  from  what  M.  Belgrand 
calls  the  hunting  atationa. 

It  may  seem  strange  that  if  these  pits  really  do  present  the 
similarity  to  Grimes  Graves  which  I  have  supposed,  the  idea  shonld 
not  have  occurred  to  the  French  geologists ;  they  may  never  have 
heard  of  our  pits ;  but  I  find  it  stated  that  in  the  Memoires  de  la 
Society  des  Sciences,  etc.,  du  Hainaut,  Annee  1866-7,  published  at 
Mens,  1868,  there  is  a  paper,  relating  to  similar  ancient  works,  by 
MM.  Briart,  Comet  and  De  la  Haie  (Happort  sur  lea  Deoouvertes 
geologiques,  etc.,  faites  k  Spiennes  en  1867),  and  that  those  works 
were  known  as  long  ago  as  1842.  I  have  not  seen  this  article,  and 
can  find  no  account  of  it  in  my  books. 

If  attention  has  not  previously  been  called  to  the  prima  facie 
possibility  that  these  pits  in  Champagne  are  the  work  of  mana- 
facturers  of  flint  implements,  perhaps  you  will  consider  the  matter 
of  sufficient  importance  to  give  it  a  place  in  your  Magazink.  The 
description  is  too  loose  and  general  to  be  a  ground  for  anything  more 
than  suggestion  and  inquiry.  Hensy  Nobtok. 

21,  Untuanx.8  Road,  Norwich,  April  20M,  1877. 


A  New  Submabine  Volcano?  in  the  Meditebbanean. — An  ex- 
citing story  is  going  the  round  of  the  London  journals,  calling 
attention  to  *'a  singular  accident  which  lately  befell  the  steam- 
ship Knight  Templar,  1,550  tons  gross  register,  from  Cardiff  to 
Bombay  with  coal.  When  off  the  island  of  Galita,  near  the  Gulf 
of  Tunis,  and,  according  to  the  Admiralty  Chart,  being  in  a  thousand 
fathoms  of  water,  she  suddenly  received  a  violent  shock,  and  was 
immediately  surrounded  by  a  seething  mass  of  foam.  Being  run 
ashore,  and  ultimately  examined,  it  was  found  that  at  a  distance  of 
15  feet  from  the  stem  of  the  vessel  some  10  feet  of  her  keel  had 
})een  torn  out  in  a  peculiar  manner,  while  the  after  part  of  the  ship's 
bottom  had  also  been  seriously  injured.  Altogether  the  character 
of  the  damage  done  to  the  ship  leads  the  writer,  a  Board  of  Trade 
surveyor,  to  the  conclusion  that  the  ship's  hull  had  been  struck  by  a 
submarine  volcanic  eruption,  a  theory  much  strengthened  by  the 
well-known  character  of  the  locality." 

Scrope  long  since  pointed  out  that  the  volcanic  line  of  disturbance 
extends  from  Calabria  and  Sicily  in  a  south-westerly  direction 
towards  the  African  coast,  and  embraces  the  volcanic  island  of 
Pantellaria,  and  the  sunken  volcanic  island  of  Ferdinanda,  to  Cape 
Bon,  the  eastern  promontory  of  the  Bay  of  Tunis,  linking  Sicily 
with  Africa;  and  that  the  intervening  tract  is  known  to  be  very 
shallow  C'  Volcanos,"  p.  345). 

Is  it  not  possible  that  a  sunken  rock  was  the  cause  of  the  "  Good 
Templar's  "  scrape  ?  Anyhow  he  had  a  narrow  escape,  whether  struck 
by  a  volcanic  hovib  under  water,  or  scraped  on  a  part  of  the  old  ridge 
dividing  the  Eastern  and  Western  basins  of  the  Mediterranean.  We 
hope  the  Admiralty  will  investigate  this  matter  thoroughly. 
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I. — Across  Eurqpe  and  Asia. — TRAVELLiya  Notes. 

By  Professor  John  Milnb,  F.G.S.  ; 
Imperial  College  of  Engineering,  Tokei,  Japan. 

Part  L — London  to  St,  Petersburg. 

Contents. — ^Wearing  away  and  accumulation  of  laud  on  the  coasts  of  England  and 
Denmark. — Ice-worn  character  of  the  coasts  of  Sweden  and  Finland  probably 
due  to  the  action  of  coast  ice  on  a  rising  area. 

I  LEFT  London  on  the  8rd  of  August,  1875,  and  next  morning 
was  sailing  down  the  muddy  estuarine  waters  of  the  Humber 
towards  the  German  Ocean  en  route  for  Gottenborg.  On  either  side 
was  a  long  line  of  flat  coast.  Before  us  was  Spurn  Point,  which, 
by  the  action  of  the  sea,  is  being  fast  carried  away.  The  denudation 
of  the  eastern  coast  of  England,  and  the  steady  encroachment  of 
the  sea,  which  has  swallowed  up  towns  and  forced  others  to  move 
inland,  is  a  subject  with  which  all  geologists  are  familiar.  Here, 
where  the  materials  are  soft,  the  rate  of  waste  is  rapid  enough  to 
become  a  marked  event  in  the  lifetime  of  an  inhabitant.  The  little 
town  of  the  Banks  has  disappeared,  and  a  lighthouse  at  the  entrance 
to  the  river  has  been  forced  to  migrate  towards  the  land. 

Although  the  tides  and  currents  of  the  sea  are  destroying  and 
transporting  the  materials  of  many  coasts  to  form  beds  of  silt  and 
other  matter  upon  the  ocean  bottom,  there  are  cases  where  their 
action  upon  a  coast  is  reproductive, — an  example  of  which  is  to  be 
seen  at  the  northern  extremity  of  Denmark,  called  the  Skagen  or  Skaw 
promontory.  We  sighted  this  after  leaving  Spurn.  At  a  distance 
this  point  looked  like  a  low  white  shore.  About  two  miles  and  a  half 
from  the  end  I  could  see  a  buoy,  marking  the  end  of  a  shoal.  This 
shoal  the  captain  told  me,  when  first  he  knew  it,  between  twenty 
and  thirty  years  ago,  instead  of  being  two  miles  and  a  half  long, 
was  then  only  one  mile  long.  The  point  itself,  which  I  believe  is 
made  up  of  shingle,  sand,  and  other  drifted  material,  also  appears  to 
be  lengthening,  as  is  indicated  by  an  old  lighthouse  standing  almost 
a  mile  back  from  the  new  one  which  has  supplanted  it  at  the  end  of 
the  point.  The  materials  for  such  rapid  growth  as  is  here  exhibited 
appear  to  have  come  down  the  Baltic,  the  islands  lying  in  Oi  lv\i^  VvOci 
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the  end  of  the  point  havhig  been  the  ohief  aonroeof  rapplT.  Althwrib 
Denmark  is  inoreasing  at  the  Skagen,  the  loeaoa  wmoh  it  and  ai 
neighbouring  idanda  soffer  from  the  flood  of  water  ever  poani 
between  the  German  Ooean  and  the  Baltio  axe  far  no  meiw  «!»• 
penaated  for.  The  waate  of  Denmark  la  with  geoiogiela  as  finilM 
a  theme  and  text  aa  that  of  Eastern  England. 

The  same  evening  on  whioh  I  saw  the  Skagen  I  xeebhed  CMtaa- 
borg.  Thia  place  ia  interesting  as  giving  evidenoe  of  a  dow  ebnp 
tion  of  the  land  above  the  aea-level,  witfont  the  intenrentioii  of  muf 
violent  agenqy.  Early  next  morning  I  had  a  short  remUe  sflnei 
the  gneissio  hills,  whioh  overlook  the  town.  These  are  amooCfa  aal 
ronnded,  and  have  that  hummooky  character  usoally  attributed  ti 
glacial  action.  Between  these,  fillmg  up  the  valleya,  vrere  lonc^flit 
grassy  meada  banded  with  ahining  strips  of  vrater*  I  did  not  notioi 
any  boulders  or  drift. 

In  a  small  museum  in  the  town  I  saw  a  collection  of  geologifld 
specimens,  and  also  a  fine  series  of  Scandinavian  and  other  animik 
Amongst  these  latter  there  was  a  Swedish  Elk  which,  to  me,  had  a 
mudi  thinner,  taller,  and  altogether  gaunter  appeaianoe  than  As 
American  Moose,  wiUi  which,  by  some,  it  is  thou^t  to  be  identicsl. 

Whilst  walking  about  the  town  I  was  much  strodk  witfi  As 
sections  of  fossils  in  the  flags  which  pave  the  sidewalka.  Thej 
were  nearly  all  of  the  genus  Or(ko€era9t  many  being  laige  nd 
beautifully  defined.  In  places  these  cylindrical  bodies  vrere  so 
thickly  packed  that  the  sea-bottom  on  which  they  were  deposited 
must  have  been  like  a  floor  strewn  with  spikes.  These  flagstones 
come  from  some  of  the  Silurian  islands  of  the  Baltic. 

On  the  evening  of  the  8th  I  left  Gottenborg  for  Stockholm.  As 
the  train  went  slowly,  so  long  as  daylight  lasted  I  had  excellent 
opportunities  of  seeing  the  country  through  whioh  we  passed.  For 
the  first  part  of  the  journey  we  traversed  a  fertile  valley  bounded 
on  either  side  by  high  hills,  which  in  many  places  showed  bare 
rock.  In  some  places  the  line  was  so  overhung  by  trees  that  they 
almost  swept  the  tops  of  the  carriages  as  we  passed  beneath  them» 
and  one  might  almost  fancy  oneself  in  an  £nglish  lane.  Farther 
up  the  valley  the  alluvium,  and  with  it  the  vegetation,  crept  some 
distance  from  the  central  trench  up  the  flanking  hills.  Tliis  con- 
tinued until  we  reached  Lerum,  where  the  cold-looking  rocky 
summits  were  all  decked  with  the  earthy  covering,  which  at  a  lower 
level  had  only  stretched  across  the  valley  bed.  Next  morning,  just 
before  we  reached  Stockholm,  I  saw  several  cuttings  ni|u3e  in  the 
sides  of  small  hills,  showing  earthy  sections  about  forty  feet  in 
height  filled  with  stones  and  large  boulders. 

Tlie  general  opinion  with  regard  to  the  origin  of  the  rounded 
rocks  like  those  of  Gottenborg,  and  the  beds  of  clay  and  boulders 
as  seen  near  Stockholm,  is,  that  they  have  been  produced  through 
the  agency  of  some  form  of  ice.  Glaciers  being  conspicuoas  and 
accessible  objects  for  investigation  by  the  writers  on  these  subjects, 
have  received  considerable  attention.  But  there  is  another  probable 
and  j^ossible  agent  by  which  appearances  of  this  sort  may  have  been 
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ronght  aboat,  which  by  those  who  talk  and  write  about  Ice  and  its 
ctioQS  is  very  often  either  ignored  or  forgotten,  and  this  is  the 
ction  of  Floe  or  Coast  Ice.  As  I  saw  some  striking  examples  of 
lie  work  done  by  this  agent  in  the  next  section  of  my  journey  along 
^e  coast  of  Finland  towards  St  Petersburg,  I  will  not  digress,  but 
ontinue  my  itinerary.  As  the  oscillatory  movement  of  the  land  is 
itimately  connected  with  the  idea  I  wish  to  broach,  I  may  here 
lention  that  near  Stockholm  we  appear  to  have  an  axis  about  which 
be  Baltic  coast  is  moving.  To  the  north  it  is  rising,  whilst  for 
ome  distance  to  the  south  it  is  sinking. 

After  leaving  Stockholm  (Aug.  11th)  and  its  flagstones,  which, 
ike  those  of  Gk>ttenborg,  are  filled  with  sections  of  OrihocerckSt  I 
t  once  found  myself  amongst  the  archipelago  of  islands  which  stud 
he  southern  and  south-western  shores  of  Finland.  As  the  sea  was 
mootK  and  the  weather  fine,  I  had  ample  opportunity  of  seeing  every- 
hing  around  me.  Islands  were  everywhere.  In  fact  they  were  often 
o  dose  together  that  they  masked  oar  route ;  looking  backwards 
^e  seemed  to  have  sailed  away  from  the  land,  whilst  looking  for- 
Mrards  it  seemed  as  if  we  were  steering  into  it^  Sometimes  we  passed 
so  close  to  them  that  we  might  easily  have  pitched  stones  upon  them. 
Where  the  water  was  more  open,  our  course  was  shown  by  a  white 
mark  or  a  pile  of  stone  upon  the  land,  or  by  an  upright  pole  stand- 
ing on  some  sunken  rock. 

There  is  everywhere  evidence  of  reefs  and  shallow  water.  The 
islands  vary  very  much  in  size,  some  have  an  area  of  several  miles, 
whilst  others  consist  of  a  mere  rock  just  peeping  from  the  surface  of 
the  water.  They  are  generally  destitute  of  vegetation,  but  some  are 
found  capped  with  small  clumps  of  dark-coloured  stunted  firs,  whilst 
near  the  water  they  are  bordered  with  a  fringe  of  green,  looking 
like  bunches  of  alder.  Now  every  year,  as  the  winter  months  come 
round,  the  water  freezes,  and  every  rock  and  island  and  the  adjoin- 
ing mainland  give  birth  to  a  fringe  of  ice.  But  this  congealation 
does  not  go  on  quietly,  it  is  continually  interrupted.  By  the  rise 
and  fall  of  the  tides  it  is  raised  and  lowered  on  the  shore,  strong 
currents  carry  portions  of  it  away,  the  wind  and  the  driving  in  of 
floating  ice  and  other  causes  all  tend  to  destroy  any  steady  forma- 
tion of  a  sheet  of  ice  like  that  which  forms  on  small  freshwater 
lakes  and  ponds.  In  this  way  the  first  fringe  of  ice  most  likely 
attached  to  pebbles,  boulders,  and  materials,  to  which,  whilst  resting 
on  the  shore,  it  has  become  cemented,  are  driven  high  and  dry  upon 
the  land,  scraping,  scratching,  and  moulding  in  a  definite  manner  all 
the  rocks  over  which  they  pass.  Or  again,  this  fringe  with  its  load 
of  stones  may  by  winds  and  tides  be  forcibly  torn  from  its  birth- 
place, and  borne  away  to  do  its  work  of  moulding  and  depositing  of 
boulders  at  some  distant  locality. 

Grinding  and  moulding  actions  of  this  sort,  together  with  the 
transportation  and  deposition  of  boulders,  will  take  place  chiefly 
during  the  formation  and  breaking  up  of  this  icy  barrier,  which 
will  be  in  the  fall  and  spring  of  every  year.     And  the  ac;t\OTi\^\s^ 
no  means  confined  to  Finland,  but  is  one  wliich.  ^ixmxxs^^  o<^\xt% 


I'mj'.  Mdnc — Across  Europe  and  Asia. 

Ill"  ■■iKiriiioiis  extent,  both  in  the  temperate  and  frigU 
iw  wli;it  iiiuat  be  the  effect  of  such  actioDS  upon  a  oMS 
ijivc  n  ^'ruiluftl  elevation  of  the  Iftml  in  operation,  or,  M 
:  ^'i-i]u)Mlly,  wbere  there  is  a  varying  relation  between  a 
I  thi'  \\mk.t  which  surroundB  it?  The  case  I  shall  late 
iiiiiFii  ia  wliera  thelaml  may  be  supposed  to  be  emergiii),', 
^1-  i.f  Finland.  How  this  emergence  has  been  produceJ, 
ivii  rliv.itiiin  of  the  land,  or  by  a  drawingofif  of  tfaewateci, 
Liiilali<iii  lit'  pular  ice,  m^ikes  no  difference.  First,  con sidn 
ion  it  in  just  beneath  the  surface  of  the  water,  where,  in 
lie,  ii  tiiriiia  a  heaviof^  curling  swell,  and  often  a  cresi- 
iliiT,  to  warn  the  passing  boats  of  its  dangerous  shallows. 
i'lil  il  L'<i:ims  for  the  first  time  within  the  influenoe  of  CMrt 
iiili!iii;4  i^  bt'gtin  upon  its  surface.  During  winter  and 
iih^j  |iii-->iT)g  pans  oud  small  bergs  of  ica  jostle'on  it! 
.'-^biiuid  ii.  possess  a£p>?rities,  ihey  are  rounded  off.  Andu 
Jji.'!'  iji  tliL-  water,  it  will  gradually  assume  the  hump- 
iii  M'liii.li  is  HO  ubaervnble  in  many  of  the  sniall  rwiy 
[|ju  rijjiiish  coast  It  will  DOW  be  within  the  full  infitience 
9  which,  during  the  winter  months,  float 
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)servation,  it  is  distinctly  seen  that  between  the  white  band  pro- 
iced  by  the  biannual  rubbing  of  the  ice  and  the  dark-coloured  rock 
Inch  is  above  it»  there  is  in  many  cases  an  undisturbed  contour,  the 
ammillations,  curvatures,  and  hollows  of  the  one  now  seen  to  be 
'oduced  by  the  ice,  run  uninterruptedly  into  the  mammillations, 
irvatures,  and  hollows  of  the  darker  rocks  above.  It  seems  to  me 
lat,  as  year  by  year  the  sea  recedes,  or  as  the  rock  creeps  upwards, 

carries  with  it  the  characters  which  were  impressed  upon  it  when 
;  a  lower  level,  and  what  is  now  the  dark  round  lichen-coloured 
>ck,  a  centuiy  ago  may  have  been  the  clear  white  bauded  rock 
inually  scratched  and  scoured  by  ice. 

Tlie  entrance  to  Abo,  which  was  the  first  place  we  touched  at 
pen  the  Finnish  mainland,  is  up  a  long  winding  inlet  bounded  by 
1  undulating  country  of  pinkish  granite.  Upon  the  right  side  as 
^e  entered,  the  land  rose  in  places  somewhat  suddenly  from  the 
'ater,  but  nowhere  to  any  considerable  height  Everywhere,  how- 
eer,  there  was  the  rounded  hummocky  character.  Upon  the  hills 
'Lich  overlooked  the  scattered  houses  and  buildings  which  formed 
le  town  this  was  very  noticeable.  Everywhere  there  were  numbers 
f  bouldera 

On  the  evening  of  the  next  day  (Aug.  12th),  after  steering  in  and 
at  between  inmimerable  rocks  and  islands,  we  reached  Helsingfors, 

granite-built  town  standing  in  a  much  more  open  country  than 
lat  around  Abo.  Some  of  the  limestone  causeways  contained 
hihoceras. 

Now  comparing  these  different  pieces  of  mainland  which  I  saw  at 
ibo,  Helsingfors,  and  at  other  points,  one  with  the  other,  one  could 
ot  fail  to  be  struck  with  their  great  similarity, — rounded  granitic 
^cks  and  scattered  granitic  rocks,  some  of  which  are  of  an  immense 
ize,  were  to  be  seen  nearly  everywhere.  Two  travellers  who  joined 
iir  ship  at  Helsingfors,  just  returned  from  near  Kajana  in  the  far 
orth  of  Finland,  gave  me  the  idea  of  a  country  filled  with  winding 
ikes,  but  not  generally  differing  in  character  from  that  which  1  had 
een  looking  at. 

Continuing  northwards  to  the  White  Sea  and  Arctic  Ocean,  and 
lien  winding  round  the  northern  end  of  the  Baltic  through  Finland 
own  to  the  eastern  side  of  the  Scandinavian  peninsula,  a  rough 
ndulating  country  covered  with  lakes,  and  often  strewn  with 
oulders,  is  generally  met  with. 

The  agent  which  moulded  this  country  into  its  present  form,  and 
trewed  it  so  thick  with  boulders,  would,  I  think,  by  most  geologists, 
►e  identified  as  ice,  and  the  only  argument  that  would  probably 
rise  would  be  as  to  the  way  in  which  it  acted. 

A  universal  covering  of  ice  forming  one  huge  glacier,  like  that 
irhich  is  now  supposed  to  cover  the  greater  part  of  Northern  Green - 
ind,  might  perhaps  be  the  first  suggestion.  To  explain  this,  a 
older  climate  than  that  which  now  exists  in  these  latitudes  would 
le  necessary,  and  this  in  its  turn  would  require  some  great  astrono- 
mical change,  as  a  variation  in  the  obliquity  of  the  Ecliptic,  the 
xcentricity  of  the  earth's  orbit,  the  temperature  of  space,  or  some 
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^K  ?^4:xT^t  iVYolution  in  the  distribution  of  land  and  water,  all  d 
«ij.v>.  «v«',^i  involve  difficulties  and  controversy  in  their  explanatioe. 
lv-«  :>:s  univorsAl  sheet  of  ice  obtained,  and  afterwards  deposited, 
?r>  AN;^^<nk  might  next  be  questioned.  Some  would  call  in  a  set 
.%:  wivTps  to  solve  the  problem,  and  might  even  go  so  far  as  to 
,v.r>A.l^r  (houi  sufficient  to  explain  the  whole  of  the  phenoment  in 
C»,v>5uni.  Following  this  latter  sup|K>sition  we  are  again  quickly  in 
i-'s'  (uidst  of  difficulties,  passing  from  question  to  question  whilst 
/<- .;>^iivi>uring  to  affirm  or  refute  a  suggestion  that  is  little  better 
1 .  «:\  priH)flesH. 

l\vl)orgs  and  their  parents,  the  glaciers,  have  done  and  are  still 
,L'iug  much  towards  the  fonnation  of  the  physical  outlines  of  oni 
y Uuot ;  but  yet  I  think  their  less  imposing  but  more  active  and  more 
<>\tonsive  associate,  coast  ice,  ought  at  least  to  take  an  equal  place 
<I8  a  scatterer  and  modeller  of  rocks. 

In  Finland,  in  Labrador,  and  in  Newfoundland,  I  have  seen  the 
work  it  has  commenced  on,  that  which  it  has  partially  finished,  and 
that  which,  I  hold,  it  has  completed.  There  is  the  sunken  rock 
Kirely  to  be  seen  at  low  water,  just  being  rounded ;  there  is  the  rock 
standing  up  above  high- water,  whitened,  smoothed  and  rounded,  by 
the  annual  coat  of  ice,  which  by  winds  and  tides  is  forced  across  its 
back ;  and,  lastly,  there  is  the  large  island  and  the  mainland  all 
showing  a  continuous  and  unbroken  contour  from  their  shores 
annually  invaded  by  the  ice,  and  those  parts  which  are  now  removed 
high  above  its  notion.  Upon  the  south  coast  of  Finland  one  is  in  a 
workshop  where  one  sees  a  workman  busy  with  his  tools.  Part  '»f 
his  work  is  only  commenced,  part  is  almost  completed,  whilst  tlie 
remainder  is  iinished  and  laid  aside.  Amongst  all  these  specimen.* 
i)f  work  there  is  a  resemblance,  and  it  is  hardly'  fair  to  imagine  that 
one  part  should  liave  been  made  in  a  manner  different  to  another. 

Let  the  whole  of  the  Finnish  archii)elago  continue  slowly  rising 
above  the  level  of  the  sea  as  it  now  appears  to  be  doing,  I  think 
that  in  time  to  come  there  will  be  produced  a  low  undulating  icc- 
scratched  bouMcr-coverod  country,  very  much  resembling  the  one 
we  see  u|)on  the  adjoining  mainland. 

One  striking  instance  of  the  formation  of  a  miniature  mainland  1 
noticed  shortly  after  leaving  Abo,  when  we  passed  a  low  island  alxjut 
50  to  100  yards  in  length.  At  each  extremity  of  the  island  there 
was  a  round  ice-scratched  knoll.  These  two  knolls  were  joined  Ijv 
two  narrow  ridges,  between  which  there  was  a  hollow,  over  into 
which  the  sea  had  waslied  to  fonn  a  pool.  The  historj'  of  this  little 
formation  seemed  to  ino  similar  to  that  of  many  larger  areas. 

The  first  stage  was  when  the  two  knolls  had  been  represented  by 
two  sunken  rocks,  over  which  the  waves  might  have  been  seen 
heaving  and  swelling  as  they  ])assed  across  their  surface.  Thus  far 
their  existence  was  only  recognized  by  the  disturbance  thej'  created. 
However,  the  nuclei  of  a  little  continent  was  formed,  and  iU*  surface 
was  annually  swept  by  ice.  The  next  stage  was  when  the  knolls 
appeared  as  two  separate  rocks  above  the  surface  of  the  water,  th»' 
intervening  ridge  being  still  hidden ;  a  position  analogous  to  iLe 
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ireaent  position  of  the  whole  Finnish  archipelago.  As  they  rose 
till  higher,  they  entered  npon  the  third  stage  in  which  I  saw  them, 
epresenting,  in  miniatare,  a  small  country  where  part  of  the  land 
las  been  raised  high  above  the  action  of  ice,  whilst  the  remainder 
et  lies  within  its  influence.  In  such  a  case  as  this  we  have  a  small 
9land  formed  by  the  rise  of  two  small  rocks.  Why  can  we  not  then 
;o  further  and  picture  to  ourselves  the  formation  of  meuiy  islands 
irhich,  as  they  emerge  from  their  watery  bed,  unite  to  form  countries 
narked  and  moulded  like  the  nuclei  from  which  they  ^spring?  It 
s  certainly  not  a  great  stretch  of  the  imagination. 

All  geologists  grant  that  oscillations  of  land  and  water  have  taken 
»laoe,  and  this  together  with  tlie  present  or  such  slightly  modified 
limatal  conditions  as  would  result  from  these  changes  is  all  that  is 
sked.  If  it  were  conceded  that  through  some  such  cause  as  a  polar 
xtension  of  land  in  the  Eastern  Hemisphere,  the  formation  of  a  cold 
urrent  travelling  towards  the  south,  or  the  cutting  off  of  the  Gulf 
Itream  travelling  towards  the  north,  we  might  then  reasonably  ex- 
pect to  have  a  climate  in  Europe  not  unlike  that  of  corresponding 
fttitudes  in  America,  and  the  effects  of  costst  ice  might  be  expected 
t  least  so  far  south  as  the  middle  of  France ;  nay  more,  if  Europe 
ad  been  a  rising  area  during  such  periods,  the  greater  part  of  its 
urface  would  have  been  gradually  subject  to  such  an  action. 

Commencing  with  Belgium  and  Holland,  and  travelling  eastward 
ver  Denmark,  North  Germany,  Poland,  and  as  far  east  as  Novgorod 
1  Russia,  then  north  to  the  White  Sea,  and  west  over  Scandinavia, 
xcepting  its  high  central  portions,  there  is  an  area  which  has  been 
ubject  to  oscillation  during  late  geological  times ;  and  if,  during  these 
imes,  such  climatal  conditions  existed  in  Europe  as  now  exist  in 
imerica,  I  think  we  might  in  many  places  look  successfully  for  the 
ction  of  old  coast-ice  upon  old  coast-lines. 

Of  course  many  objections  may  be  raised  to  such  a  view  as  this, 
•ut  there  will  be  more  still  to  matters  of  detail  in  the  production 
f  certain  observed  phenomena  by  the  agent  which  we  suppose  to  be 
ere  employed,  rather  than  to  the  weightier  objections  which  are 
aised  as  to  the  ways  and  means  of  the  production  of  the  agent 
self  invoked  by  glacialists.  We  all  know  into  how  much 
ifficulty,  uncertainty,  and  speculation  we  find  ourselves  involved 
rhen  we  endeavour  to  conceive  the  manner  of  production  and 
lethod  of  action  of  that  immense  glacier  which  by  some  is 
upposed  to  have  covered  Northern  Europe.  Granted  oscil- 
ition  of  land,  and  a  climate  not  more  intense  than  that  of  North 
Lmerica,  and  all  those  astronomical  and  physical  questions  as  to 
/hat  gave  birth  to  the  heat  and  cold  necessary  for  the  production  of 
uge  continental  glaciers,  together  with  much  speculation,  contro- 
ersy,  and  other  products  of  the  imagination,  are  done  away  with, 
ippearances  similar  to  those  which  I  have  described  as  having  been 
een  along  the  coast  of  Finland,  I  have  also  seen  along  nearly  4000 
liles  of  coast  in  Labrador  and  Newfoundland.  In  many  places  the 
ocks  are  striated  and  often  worn  and  smoothed.  This  latter  effect 
lore  especially  has  been  recorded  by  Lyell,  Campbell,  Packard,  and 
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other  visitors  to  tbora  sliores.  The  countries  which  surround  saA 
smooth-worn  coast- Hnee,  like  Finland,  give  evidences  of  reifent  eieva- 
tioii,  and  moreover  botb  lands  show  «,  similar  ioe-wom  surface,  c 
which  boulders  in  varying  quantities  aro  everywhere  8cntt«red. 

Ancient  glaciers,  many  of  which  were  of  Iarg«  extent,  logsdwr 
wiih  icebergs,  have  no  doubt  done  their  share  as  tools  in  Naton'i 
n'orksbop.  But  there  is  anotli?r  form  of  ice  which,  'when  thooght 
of,  cornea  readily  to  the  front,  and  that  is  Coast  Ice.  Hovr  far  flia 
ag«nt  may  have  acted  in  the  modelling  of  continents'  I  have  «i!j 
speculated  on ;  but  how  far  it  has  been  influential  tn  the  modelling  d 
islands,  coast-lines,  and  low-lying  oountries,  I  have  nlraady  tXdI/ei 
my  conviationa  upon.  In  conclusion  T  may  state  that  to  my  mind  it  11 
certain  that,  on  further  observation,  the  action  of  coast  ioe  will  be 
j>roved  to  have  been  far  more  extensive  than  geologists  have  hilherle 
supposed. 

On  the  night  of  the  12th  August  we  left  the  town  of  Helsingfon. 
and  all  next  day  were  slowly  steaming  across  the  quiet  waters  at  the 
Lead  of  the  Gulf  of  Finland.  About  4  p.m.  we  ran  between  tli» 
foraiidable-looking  forfa  of  Cronstadi,  and  shortly  afterwards  sightrf 
the  huge  gilt  dome  which  crowns  St.  Isaac's  csithedtal,  the  gloiy  of 
St.  Petersburg. 

If  we  look  at  the  map  appended  to  chap.  xxvi.  in  GJeikie's  Great 
Ice  Age,  on  which  are  indicated  the  general  directions  of  ice  action  io 
the  northern  parts  of  £nrope,  their  directions,  which  all  point  sm- 
vmrds,  or  el»e  toteards  the  lomett  laad,  will  be  seen  to  be  rather  morf  , 
favounible  for  the  views  which  I  have  advocated  than  they  are  fir 
thoae  which  tliey  are  more  particularly  intended  lo  Hiippori,  wLicii 
ai's  that  the  ice  radiated  from  "  the  high  grounds  of  Norway  ant! 
Sweden,  flowing  north  and  north-east  into  the  Arctic  Ooean,  ami  east 
into  the  White  Sea." 

It  is  difficult  to  conceive,  as  most  geologists  do,  that  the  northern 
drift  and  its  associated  boulders  are  a  purely  marine  deposit,  for  lo 
have  been  this  it  is  neofisaaty  that  at  one  time  they  must  have 
passed  from  beneath  the  water  where  they  ware  deposited  through 
a  surging  coast-lino,  in  order  to  reach  the  elevated  position  they  no* 
occupy,  during  which  period  they  would  have  been  subject  to  such 
degradation  which  none  but  deposits  of  extraordinary  thickness 
could  well  withstand. 

A  similar  objection  might  be  raised  respecting  the  existence  of 
any  scratches  and  roundings  produced  by  land  glaciers,  if  it  is  ever 
supposed  that  they  were  subsequently  beneath  the  sea.  Snc^ 
markings  to  be  preserved  must  always  have  reAiained  above  sea- 
level,  or  else  have  been  shielded  by  some  protective  covering  during 
both  subsidence  and  elevation. 

If  we  read  Chapter  xxvi.  of  Geikie's  "Great  Ice  Age,"  which 
treats  of  the  gtaciation  of  Norway,  Sweden,  and  Finland,  we  find 
much  evidence  which  is  unintentionally  favourable  to  my  argument 
For  example,  at  the  end  of  the  chapter,  p.  S97,  the  immense  power 
of  coast-ice  upon  the  coast  of  Finland  is  spoken  of,  and  a  case  is 
cited  of  an  immense  raft  of  ice  being  driven  ashore  which  over* 
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whelmed  many  dwellings  and  whole  forests.  After  it  had  melted, 
many  stones  and  blocks  were  found  piled  in  great  quantities  upon 
fhe  ground. 

Tlie  existence  of  blocks  at  heights  considerably  above  the  positions 
from  which  they  originated,  of  which  there  are  many  remarkable 
examples  in  Sweden,  is  another  phenomenon  which  points  to  the 
action  of  coast-ice  upon  a  rising  area  for  its  explanation. 

Huge  glaciers  and  ice-caps,  together  with  subsidences  and  eleva- 
tions, explain  many  local  phenomena  which  the  agent  I  have  chosen 
would  by  itself  be  incapable  of  giving  a  direct  answer  to.  But  it 
must  be  remembered  that,  on  the  other  hand,  coast  ice  acting  on  a 
rising  area  offers  explanations  to  other  questions,  as  in  the  case  of 
boulders  raised  to  positions  above  the  rock  from  which  they  were 
derived,  where  glaciers  and  ice  are  comparatively  incapable  of 
furnishing  an  answer,  so  that  the  relative  merits  of  these  two  agents 
are  to  some  extent  divided. 

The  abrading  action  of  coast-ice  on  a  rising  area  is  an  undoubted 
fact,  and  one  that  is  now  actively  going  on  before  our  eyes.  Slight 
physical  changes  in  past  geological  times  may  have  so  intensified  it 
that  its  effects  were  to  be  seen  as  far  south  in  the  Old  World  as  they 
are  now  in  the  New  World.  Huge  glaciers  and  ice-caps,  on  the 
other  hand,  are  phenomena  whose  existence  can  only  be  established 
by  hard  fighting. 

Admitting  the  excentricity  of  the  earth's  orbit  and  other  cosmical 
changes,  Arago  denied  that  ice-caps  would  result,  Herschel  barely 
admitted  their  possibility,  whilst  other  astronomers,  to  whom  geolo- 
gists look  as  to  the  last  peg  upon  which  they  can  hang  their  hopes, 
are  unceasingly  occupie<l  in  one  controversy  or  another.  This  being 
the  case,  so  far  as  the  origin  of  the  agent  with  which  we  deal  is  con- 
cerned, coast-ice  must  come  prominently  to  the  fore.  Not  only  upon 
such  a  point  as  this,  but  also  if  we  were  to  consider  the  general  de- 
vastating influence  which  would  result  from  anything  like  a  universal 
covering  of  ice  in  our  northern  regions,  we  again  find  ourselves  face 
to  face  with  diflSculties,  the  explanation  of  which  would  not  be  called 
for,  if  we  are  content  to  extend  our  ideas  respecting  the  efficacy  of 
coast-ice  upon  a  rising  area. 

In  conclusion,  I  may  say  that  I  feel  convinced  that  Coast  Ice  has 
done  and  is  doing  much  towards  the  modelling  of  rising  areas,  but 
how  far  this  has  extended  yet  needs  investigation.  In  bye-gone 
times  the  climate  was  colder  than  it  is  now,  and  coast-ice  extended 
farther  south  than  it  does  at  present.  During  this  period  many 
glaciers  were  increased,  and  niany,  especially  in  the  higher  regions, 
were  called  into  existence;  but  that  these  ever  filled  oceans  and 
covered  continents,  I  do  not  see  the  necessity  of  supposing,  unless  it 
be  to  create  materials  for  amazement  and  debate. 

(To  be  continued  in  our  next  Number.) 
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By  J.  H.  Blaxb,  F.6.8^  Aimo.  Inrt.  G.K ; 
Of  H.  K.  Gwlogioal  Surrej  of  Englnd  and  Walw. 

IN  two  papers,  by  Messrs.  S.  Y.  Wood,  Jon.,  and  F.  W.  ITsnMr. 
recently  read  before  the  Geological  Sooety, — alluded  to  fay  lb. 
Belt,  in  the  Geolooioal  Maoazimk  for  April  kst, — this  Aootm-M 
at  Eessingland  has  been  referred  to,  and  described  as  an  iiiftQii{^s0iil 
shallow  valley  deposit;  of  an  age  posterior  to  the  Oontorted  Ikift 
or  Lower  Boulder-day,  lyins  in  a  trough  excavated  out  of  Ai 
Ohillesford  Clay.  To  make  l^eir  description  more  intelligible^  liie 
authors  (Messrs.  Wood  and  Harmer)  subjoin  a  sketch-map — in  iUr 
combined  paper  ''  Observations  on  the  Liater  Tertiary  Geology  of 
East  Anglia,"  read  November  8th,  1876 — and  indicate  by  a  brokoa 
line  the  connexion  of  this  trough  with  the  existing  (!)  valley  systeni 
of  the  rivers  Waveney  and  Yare — which  are  here  mainly  cot  out 
of  the  Chalky  Boulder-day  and  Middle  Glacial  Sands — ^thus  sp* 

Erently  assuming  that,  before  the  Middle  Glacial  Sands  and  Chalky 
^ulder-day  were  deposited,  there  were  valley  systems  oeoopying 
much  the  same  positions  in  this  immediate  locality  as  there  are  now, 
with  the  addition  of  the  supposed  oontinuation  of  the  inteiglaoial 
valley  of  the  Waveney  in  a  south-easterly  direction  to  Pakefield  and 
Kessingland.  To  strengthen  their  argument,  they  likewise  givesn 
hypothetical  section ;  representing,  what  they  believe  to  be  the  true, 
though  concealed,  Btnicture  of  this  Waveney  valley.  They  conclude 
this  portion  of  their  paper  by  stating,  "If  these  views  (as  pro- 
pounded by  them)  are  right,  there  seems  reason  for  suspecting  that 
this  Eessiugland-bed,  containing  Mammalian  remains  and  rootlets 
(which  is  directly  overlain  by  the  Middle  Glacial),  may  belong  to 
t)ie  period  of  interglacial  valley  excavation  we  have  been  discussing" 
— that  is,  posterior  to  the  Contorted  Drift  or  Lower  Boulder-day. 

I  will  now  refer  to  Mr.  Banner's  paper  ''  On  the  Kessingland 
Cliflf-section,"  etc.,  read  November  8th,  1876.  After  criticizing, 
generally,  Mr.  Gunn's  paper  "  On  the  Presence  of  the  Forest-bed 
Series  at  Kessingland  and  Pakefield,"  etc.,  read  November  17th, 
1875;  and  expounding  his  own  views  as  to  the  sequence  of  the  beds, 
etc. ;  Mr.  Harmer  states,  "  While,  however,  the  posteriority  of  these 
Mammaliferous  and  fresh- water  deposits  (Kootlet-bed,  etc.)  to  the 
Crag  (Chillesford  Clay)  seems  thus  apparent,'  their  age  relatively  to 
the  beds  newer  than  the  Crag  is  obscure,  since  there  t«  nothing  to 
show  whether  they  preceded  the  Lower  Glacial  beds,  which  are  absent 
from  the  Kessingland  section,  or  succeeded  them — a  point  of  con- 

^  This  paper  is  published  by  permission  of  the  Director-General  of  the  Geological 
Survey. 

^  The  section  of  the  Kessingland  Cliff  pven  (in  the  Quart.  Jonm.  G«ol.  Sodetr. 
Tol.  xxxiii.  p.  137)  to  show  this  —  besides  being  inaccurate,  together  with  tde 
deKcription  of  it,  in  some  important  {)articular8 — is  ver^  deceptive  in  appearance, 
owing  to  the  distorted  scale  to  which  it  is  drawn  (the  vertical  scale  being  about  13 
times  that  of  the  horizontal),  and  also  on  account  of  the  interval  between  Covehithe 
and  Kessingland  (a  distance  of  about  2  J  miles)  being  abridged. 
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siderable  interest,  in  reference  to  the  great  denudation  which,  as  Mr. 
Wood  and  I  (Mr.  flarmer)  maintain,  followed  the  Ijower  Glacial 
formation  when  the  valley-system  of  East  Anglia  was,  we  believe, 
mainly  excavated." 

It  is  quite  unnecessary — as  will  presently  appear — to  follow 
Messrs.  Wood  and  Harmer,  any  further  in  their  theoretical  views, 
is  to  this  Rootlet-bed  being  a  deposit  formed  posteriorly  to  the  Con- 
borted  Drift  or  Lower  Boulder-clay,  and  during  the  great  denudation 
which  they  maintain  took  place  previously  to  the  deposition  of  the 
Middle  Glacial  Sands,  marking  a  long  interval  of  time,  and  which, 
they  state,  must  have  been  accompanied  by  a  climate  as  temperate 
»  that  of  the  preglacial  Forest-bed  of  the  North  Norfolk  coast,  if 
their  suggestion  of  the  interglacial  age  of  the  Eessingland-bed  should 
prove  to  have  good  foundation,  etc.,  etc. ;  inasmuch,  as  the  Kootlet- 
bed,  containing  mammalian  remains,  can  be  proved  by  superposition, 
irrespective  of  all  other  considerations,  to  underlie  the  Contorted 
Drift  or  Lower  Boulder-clay  and  other  Lower  Glacial  beds ;  there- 
fore, is  clearly  not  of  the  age  suggested  by  the  authors  of  these 
papers. 

Messrs.  Wood  and  Harmer  mention  this  Bootlet-bed  as  '*  the  well- 
known  Kessingland  deposit,"  also  as  "the  Mammalian-bed  of  Eessing- 
land,"  etc.,  and  treat  it,  in  a  great  measure,  as  a  deposit  peculiar  to  the 
Kessingland  Cliff-section;  but  I  would  draw  attention  to  the  fact, 
that  the  continuation  of  this  very  same  deposit  is  to  be  seen  at  the 
base  of  the  adjoining  cliflfs  of  Hopton  and  Corton,  containing  rootlets 
3f  the  same  kind  and  in  precisely  the  same  crumpled  condition  as 
those  to  be  seen  at  Kessingland  and  Pakefield;  and  the  deposit 
jf  clay  itself — in  which  the  rootlets  occur  in  a  vertical  position  as 
they  grew — is  in  every  respect  precisely  similar  to  that  at  Kessing- 
land, and  likewise  contains  Mammalian  remains.  I  have  also  observed 
this  same  deposit,  with  rootlets,  in  the  Cliflf-section  at  Hasborough,* 
ind  also  in  the  Cliff-section  at  Eunton,  to  the  west  of  Cromer ;  and 
liave  not  the  slightest  doubt  as  to  the  identity  of  this  remarkable 
bed — specially  characterized  by  small  vertical  crumpled  rootlets  in 
ntHf  all  apparently  of  the  same  species — which  is  exposed  at  intervals 
at  the  base  of  the  Norfolk  and  Suffolk  Cliffs,  from  Kessingland  to 
Bunton,  a  distance  of  nearly  fifty  miles ;  thus,  marking  an  horizon 
3f  considerable  importance  with  respect  to  the  correlation  of  the 
beds  in  Norfolk  and  Suffolk :  and  this  horizon,  I  may  briefly  ex- 
[)lain — as  all  details  will  be  given  in  future  Survey  memoirs  and 
jliff-sectious— occurs  at  the  upper  part,  or  thereabouts,  of  what  is 
^nerally  known  as  the  Cromer  preglacial  Forest-bed  series,  and 
beneath  the  Lower  Glacial  series  of  Messrs.  Wood  and  Harmer. 

Althongh,  according  to  Mr.  Harmer,  there  is  nothing  in  the 
Kessingland  Cliff- section  to  show  whether  this  deposit,  with 
rootlets,  preceded  the  Lower  Glacial  beds,  that  is  not  the  case  in 
the  other  cliff-sections  mentioned  by  me,  where  a  continuation  of 
this  identical  deposit  with  rootlets  occurs ;  at  Hopton  and  Corton 
it  is  overlaid  by  the  Contorted  Drift  or  Lower  Boulder-clay,  with  a 

^  Spelt  Happisburgh  on  Ordnance  Map ;  but  usuall  j  called  Hasborough. 
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few  feet  of  biiff-colowred  Baaf!  ami  laioinaled  grey  day  In  pWct 
interveuinf; ;  at  Hftsbotwigli — where  tlw-  deposit  itself  is  eoulottoi 
tngetber  wilh  the  rootlets — it  is  overlaid  by  Cromer  Till,  wbioli 
latter,  close  by,  is  underlaid  by  a  little  bufT-coloured  sand  ud 
lainitiAt^d  grey  clay;  aud  at  Runton  it  is  orerlaid  by  twelre  to 
fifteen  feet  of  biiff-oolowred  aand— in  which  ia  some  gravel  and 
laminated  grey  clay — which  latter  underlies  the  Cromer  Till  ind 
Contorted  Drift.  Tims,  by  the  best  of  all  geological  evident*, 
namely,  superpositioa,  it  is  perfectly  clear  that  this  MammaliM 
de[ioait,  with  rootlets,  did  precede  the  Lower  Glacial  beds:  tlier*> 
fore,  it  is  not  of  interglacial  age  a§  au^rgested,  cautiously  I  admit, 
by  Messre.  Wood  and  Harmer,  and  consequently  will  not  in  My 
vrny  support  their  riews  of  East  Anglian  interglacial  valley  ex- 
cnvaHons. 

It  is  well  known  that  Messrs.  "Wood  and  Hanner  have  lonj;  been 
sceptical  aa  to  the  Forest-bed  series  at  Kcssirtgland  — owing,  I 
pTOMume,  to  certain  coiniJicatioos  in  this  cliff-section  —  being  of 
the  »ame  ngt  as  the  Foreat-bed  aeries  of  the  Cromer  coast ;  and,  I 
think  I  am  correct  in  stating,  that,  in  their  numerous  pnblicatioas. 
Ihey  have  entirely  ignored  the  eitisteace  of  the  Forest-bad  series  at 
Hopton  and  Corton,  which,  in  my  opinion,  forms  a  very  inaponani 
link  in  the  series,  inasmuch  as  that  deposit,  as  1  have  already  elated, 
is  identicfti  in  every  respect  with  the  Kootlet-bed  of  Eessingland.  to 
the  south  of  it,  and  to  that  of  Hashorough  to  the  north  of  it  Mr. 
Gunn,  on  the  contrary — from  the  evidence  of  the  Mamm.iliao 
femaina,  associated  Unio-beds,  etc. — has  long  held  the  opinion  that 
the  Eessingland  Forest-bed  series  belonged  to  the  lan^  arrie*  as 
that  of  the  Cromer  ooaat,  the  oorrectneaa  of  whioh  opinion  my 
investigations  fully  confirm. 

As  I  have  osed  the  terms  "Lower  Olacial  series"  and  "Foreat- 
bed  series  "  in  this  communicatioa,  I  wish  particularly  to  slate.  I  do 
not  necessarily  adopt  all  the  views  of  the  authors  of  those  temu 
respecting  the  beds  included  by  them  in  these  series ;  and  as  I  hope 
to  treat  of  the  relation  of  the  Forest-bed  series  to  the  Chilleaford 
Clay  in  some  future  paper,  I  have  not  referred  to  that  subject  here. 

III. — Oh  thb  Succession  and  Clasbipioation  op  thb  BsDa  betwein 
THE  Chalk  and  thb  Lowik  Bouuier-clat  in  the  Neiobboub- 
HooD  or  Cbombk. 

By  GLBvayr  Beid.  F.G.S,  ; 
Of  the  Geolt^cal  Survey  of  EugUnd  and  Walt*, 

BY  the  permission  of  the  Director -General  of  the  Geol(^tcsl 
Survey  I  am  enabled  to  publish  a  short  aoconnt  of  the  results 
arrived  at  during  a  detailed  examination  of  the  cliffs  between  Wey- 
boum  and  Mundesley  on  the  coast  of  Norfolk. 

In  the  course  of  the  Survey  I  have  found  it  necessary  to  make 
considerable  alterations  in  the  generally  accepted  classification  and 
succession  of  the  Pliocene  beds  near  Cromer,  while  my  views  with 
regard  to  the  mode  of  formation  of  the  so-called  "  Forest  Bed  " 
differ  materially  from  those  published  by  previous  observers.    To 
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show  clearly  the  changes  which  occur  in  these  beds  I  will  describe 
each  one  separately,  commencing  at  the  base.^ 

Weyboubn  Beds  akd  Fobest  Bed. 

Beds  of  sand  with  numerous  seams  of  clay  and  an  abundance  of 
shells  are  shown  resting  immediately  on  the  Chalk  at  Weyboum. 
These  constitute  the  well-known  "  Weybourn  Sands  "  with  which 
Messrs.  Wood  and  Harmer  correlate  the  upper  shell-bed  of  Belaugh, 
Wroxham,  and  other  places  in  the  Bure  Valley.  It  will  be  desirable 
to  retain  the  name  **  Weyboum  Beds,"  as,  besides  being  already 
known,  they  have  the  advantage  at  Weyboum  of  not  occurring,  as 
is  the  case  in  the  Bure  Valley,  in  proximity  to  any  other  marine  and 
shell-bearing  sands.  The  shell-beds  at  Weyboum  vary  in  number, 
but  careful  collecting  from  each  separately  has  convinced  me  that 
they  all  belong  to  one  palaaontological  division.  As  these  beds  are 
traced  towards  Cromer,  the  upper  portion  becomes  more  and  more 
interstratified  with  clay,  which  gradually  takes  the  well-laminated 
character  which  is  so  conspicuous  near  Mundesley. 

At  Bun  ton,  resting  directly  on  the  Chalk,  there  is  a  bed  of  sand 
and  nearly  unworn  flints  full  of  double  valves  of  Mya  arenaria  and 
Tellina  ohliqua ;  this  is  succeeded  by  two  or  three  feet  of  marine  crag, 
the  upper  part  of  which  is  mixed  with  land  and  fresh-water  shells, 
and  occasionally  contains  large  bones.  From  this  bed  I  obtained  the 
scapula  of  an  elephant  now  in  the  Museum  of  Practical  Geology. 
Above  this  "  Elephant-bed  "  is  the  "  Forest-bed,"  consisting  of  a 
large  quantity  of  drift  wood,  one  tree  trunk  which  I  measured  being 
upwards  of  18ft.  in  length.  This  locality  has  yielded  no  leaves  or 
seeds,  and  all  the  wood  is  much  worn :  a  few  marine  shells  occur 
with  the  wood.  The  Forest-bed  passes  up  into  laminated  clays, 
seams  of  gravel  cemented  with  iron  locally  known  as  "pan,"'  and 
sands  with  marine  fossils.  The  shells  correspond  with  those  in  the 
lower  bed,  but  the  list,  owing  principally  to  the  fewer  and  smaller 
exposures,  is  not  yet  so  large.  From  Run  ton  the  Forest-bed  thickens 
to  the  S.£.,  and  as  it  increases  the  sands  are  replaced  by  laminated 
clays,  and  marine  shells  become  scarcer,  although  they  are  still  to  be 
found  at  Mundesley  and  Bacton.  The  underlying  shelly  crag  can 
be  traced  as  far  as  Sidestrand,  beyond  which  place  the  foreshore  is 
nearly  always  hidden  by  sand. 

The  usual  character  of  the  Forest-bed  is  well  exhibited  on  the 
foreshore  opposite  the  Cromer  lighthouse,  where  it  consists  of 
masses  of  drifted  peat,  wood,  and  stools  of  trees  imbedded  in 
greenish  sand,  with  layers  of  clay  pebbles.  The  well-known 
Mammalian  remains  occur  in  the  sandy  and  gravelly  beds,  and, 
although  not  worn,  they  are  commonly  broken. 

I  have  examined  most  of  the  localities  where  the  "  Forest-bed  " 
has  been  seen  £U9  far  eastward  as  Bacton,  and  have  pulled  up  every 
tree-stump  that  I  could  discover  on  the  foreshore.     ITie  roots  always 

^  Detailed  descriptions  of  the  sections  and  complete  lists  of  fossils  will  be  given  in 
the  Survey  publications. 

'  Pan  occurs  at  various  horizons. 
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exhibited  a  worn  and  fnyed-ont  appearanoe^  and  did  not  end  k 
rootlets,  as  published  descriptionB  would  lead  na  to  ezpeot  ft 
is  not  sufficient  to  find  stools  of  trees  in  any  upright  position,  as 
when  laden  with  earth  and  stones  they  would  natnrally  sink  wiflk 
the  roots  downwards.  It  is  possible  that  hidden  in  aome  part  of  Ai 
beaoh  there  ma,^  be  a  submerged  forest  that  I  haTO  not  yet  seen,  bit 
flie  masses  of  drift  wood  already  described  are  what  rToifialk  no* 
legists  speak  of  as  the  ''Forest-bed/*  I  am  informed  that  Mir. 
Norton,  of  Norwibh,  has  oommunioated  a  paper  to  the  Norwiok 
Qeologioal  Society,  expressing  his  opinion  that  none  of  the  stocdi 
of  trees  he  has  obserred  at  Mundesley  haye  grown  on  the  spot^ 

From  the  facts  I  have  been  enabled  to  gather,  I  have  been  led  ts 
regard  the  "  Forest-bed  "  as  an  estuarine  equivalent  of  die  upper 
part  of  the  marine  Weyboum  Beds,  and  not  as  a  land  anrfiMe. 

From  the  lower  marine  bed  at  Bunton  I  have  obtained  the 
following  species,  most  of  the  land  and  iiesh-water  apeoies  anlj 
occurring  with  the  bones: 


0.  oommon.    r.  rare. 
SeUs  arhutiinrum,  r. 


paliutri*^  T.r. 
Litiorinm  littor§a^  T.e. 
— — —  mrftf,  r. 
Mtlampui  pyramidalitf  T.r. 
Natica  catena^  c. 

ciauauj  T.r. 

heiieoidesj  r. 

Paludina  vivipara^  1. 

fglacialis^  2. 

media^  2. 


T.C.  very  commoQ.    T.r.  very  rare. 

A9tart$  bormiis,  T.e. 

—  MiNfrrwiMi,  e. 

Cttrdittm  tdule^  t.c. 

OrwmUmdicmmf  tjt. 

OorMa  ttritUa^  r. 
Cjfprina  Idandiemy  t.o. 
Bonax  mttatus^  r. 
Leda  oblongoid$8y  c. 
Zueina  borealit,  T.r. 
Maetra  ovalisy  r. 
Mya  arenaria,  t.c. 

trwieata,  T.r. 


Flanorbis  eorneuSf  1. 
rieurotoma  turrieula^  r. 
Furpura  lapillus,  t.c. 
Sealaria  OroBulandiea^  c. 
Siiceinea  putritj  1. 
Ti'ophon  antiqmu,  T.r. 

(rcTersed  Tar.),  r. 


*  Mylilua  edulit,  c. 
Ntteula  Cobboldia,  c 

t  PAolas  crispata,  c. 
Saxieava  aretiea^  r. 
Tellma  Balthiea,  t.c. 
laiOy  T.r. 

•  obliqua,  t.c. 
pratenuis^  1. 


Turritella  Urebra^  T.r. 

Unio  pietorum  ?  1. 

•  In  their  natural  position  with  the  TaWee  united. 

t  In  their  borings  about  six  feet  aboTC  the  present  bigh-water  mark  near 
Sherringham. 

I  have  as  yet  been  unable  to  obtain  any  additional  species 
from  other  sections  on  the  coaflt;  but  I  should  mention  that  Prof. 
Prestwich's  list  contains  Venus  fasciaia  from  the  lower,  and  Leda 
lanceolata  from  both  upper  and  lower  beds  at  Weybourn.  Leda 
ohlongoides,  which  is  not  contained  in  Prof.  Prestwich's  list,  is 
rather  common  ;  but  I  cannot  find  L.  lanceolata,  although  I  have 
repeatedly  searched  for  it.* 

The  minerulogical  character  and  fossils  of  the  beds  just  described 
point  to  an  estuary  advancing  seaward  in  a  northerly  direction.  The 
relation  of  the  sea-level  to  that  of  the  land  differed  probably  about 

^  Quart.  Joom.  Geol.  Soc,  Not.  1871. 
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20ft.  from  what  it  is  at  present,  which  (if  we  consider  the  fall  of  the 
tides  to  be  unaltered)  would  bring  the  colonies  of  Mya  arenaria, 
MytiluB  edtdta,  and  TeUina  ohliqua  to  a  few  feet  below  low-water, 
while  Pholas  critpata  would  occur  between  tide  marks.  Although 
Teilina  ohliqua  and  T.  Balthica  occur  with  the  valves  united  at 
Wejboum  at  a  higher  level,  yet  here  they  are  not  in  their  natural 
position,  and  the  beds  appear  to  have  formed  a  sandy  and  muddy 
beach  such  as  is  often  seen  at  the  mouths  of  rivers. 

Fresh-watxb  Bed. 

Above,  and  often  resting  on  a  slightly  eroded  surface  of  the  maiine 
and  estuarine  beds  already  described,  are  shown  extensive  deposits 
of  freshwater  sand,  clay,  and  peat.  These  beds  are  much  more  ex- 
tensive than  is  commonly  considered,  and  appear  to  have  been  formed 
in  shallow  lakes  like  the  present  **  broads  *'  of  Norfolk.  They  can 
be  traced  with  but  short  interruptions  from  Weyboum  to  West 
Bunton,  and  again  from  Overstrand  to  Mundesley.^ 

In  places  rootlets  penetrate  three  or  four  feet  into  the  Weyboum 
Beds,  marking  the  position  of  islets  in  the  lakes,  or  perhaps  be- 
longing to  water-plants,  in  which  case  they  would  indicate  where 
the  fresh- water  deposits  have  been  denuded.  This  **  rootlet  bed  " 
may  be  traced  at  intervals  between  ELappisburgh  and  Weyboum 
Signal  Station,  but  the  rootlets  do  not  always  penetrate  beds  on  the 
same  horizon.'  It  is  noticeable  that  none  of  these  roots  belong  to 
anything  larger  than  bmshwood,  as  observed  by  Mr.  Gunn  in  a 
similar  bed  at  Eessingland. 

The  Fresh- water  Bed  appears  to  have  been  formed  when  the  re- 
lations of  sea  and  land  were  much  as  they  are  at  present,  for  although 
in  several  places  between  Sherringham  and  Mundesley  it  has  filled 
hollows  a  foot  or  two  below  high-water  mark,  the  channels  seem 
never  to  be  cut  deeper,  apparently  showing  that  they  had  reached 
the  sea-level. 

The  mammals  from  this  bed  have  been  carefully  collected  at 
West  Bunton  by  Mr.  A.  C.  Savin,  and  the  list  already  contains  two 
or  three  species  not  known  in  the  Forest-bed.  It  has  also  yielded 
the  wing- bone  of  a  bird,  seeds,  beetles  and  numerous  mollusca. 
From  this  locality  I  have  obtained  the  following  species  of  land  and 
fresh- water  shells  : — 


PtUudina  eonteeta. 

rivipara, 

Valvata  piscina  lis. 

eristata. 

Bythinia  tentaculata. 

Flanorbis  albwt. 

•  cotnplanaltts. 

•  can  tortus. 

cometts. 

naut  ileus. 

•  spirorbis. 


Zimnaa  palustris. 

psregra. 

stagnalis. 

■  truncatula. 

Ancylus  lacustris. 
ZitnaXf  2  sp. 
Succinea  put  r  is. 
Helix  arbustorum, 

hispida. 

nemoralis. 

Zua  lubrica. 


^  It  should  be  remembered  that  there  are  two  fresh- water  beds  at  Mundesley,  one 
older  than  the  Lower  Boulder-clay,  the  other  newer,  and  probably  Post*  glacial. 

'  Near  Weybourn,  where  the  Fresh- water  Bed  rests  directly  upon  the  Chalk,  the 
joints  and  crevices  in  this  rock  are  often  filled  with  peat. 


fmiimmit^  nor.  Si 


Unto 
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Caryihimm  minimum. 
ClautUim^  ro. 
CorhieuimJmminaliM, 
Sphmrium  eomeum. 

To  the  above  list  may  be  added  PJitfia  fimUndtiw  and  PUnmib 
nitidus  from  specimens  in  the  Norwich  Mosenm.  1  have  been 
unable  to  find  Unio  margaritiferuB  and  Findium  niiidmm  mentJond 
in  Prof.  Prestwich*s  paper  {op.  at). 

None  of  the  shells  are  stunted,  and  the  whole  aeaemblagei  witt 
the  exception  of  Corbicula  fiuminalUf  is  such  as  might  now  be  toani 
in  the  Norfolk  broads.  Inhere  appears  to  be  no  sufficient  imwm 
for  classing  either  this  or  the  Weyboum  Beds  with  the  ghoial 
series,  for  the  climate,  as  shown  by  the  land  animals  and  planti^ 
was  but  little,  if  at  all,  colder  than  at  present  The  first  ftppov- 
ance  of  Tellina  Balthiea,  so  much  relied  upon  by  Messn.  Wood 
and  Harmer,  seems  hardly  of  sufiicient  importance,  in  the  abaenos 
of  other  evidence,  to  mark  the  incoming  of  the  Glacial  Period,  for 
it  is  now  living  on  our  coasts,  and  is  by  no  means  a  peculiarly  arotio 
shelL 

Mtalis  Bed. 

We  now  arrive  at  beds  which  show  a  decided  change  of  con- 
ditions, for  directly  over  the  fresh-water  deposits  and  usually 
separated  from  them  by  a  marked  line,  occur  fine  false-bedded 
sands  with  gravel  and  loam,  the  fossils  of  which  would  have  lived 
in  a  depth  of  five  or  ten  fathoms.  These  sands,  for  which  I  propose 
the  name  of  My  alts  Led,  from  their  being  characterized  by  the 
presence  of  Leda  myalia,  are  very  sparingly  fossiliferous ;  but  where 
fossils  do  occur,  they  form  colonies,  with  the  bivalves  in  their  natural 
position.  I  have  been  unable  to  adopt  Prof.  Prestwich's  name  of 
**  Wcstleton  Beds,"  as  the  shingle  at  his  typical  locality  is  unfossil- 
iferous.  isolated,  and  is  not  seen  in  connexion  with  either  the  Fresh- 
water Bed  or  the  Contorted  Drift.  His  fossils  were  obtained  from 
the  Weyboum  and  Fresh-water  beds,  with  the  exception  of  Lcda 
myalia  and  Mya  truncata,  obtained  from  West  Bunton.* 

This  bed  has  already  yielded  the  following  species,  and  I  hope 
in  time  to  add  more : — 


Buecinum  undatum,  r. 
Lacuna y  sp.,  t.c. 
Zittarina  littorea,  c. 
„         rudii,  v.r. 


Cardium  tduU,  r. 
Cyprina  Islaudica,  T.c. 
I^a  myalia,  ?.c. 
Mya  truucatay  t.c. 


Mytilua  edulis,  r. 
Ostrea  eduiis,  v.c. 
TtUina  Balthiea,  c. 


Natica,  sp.,  T.r. 
Purpura  iapillut,  r. 
Trophon  antiquut  (rcTerscd  Tar.),  r. 
•  Attarte  borealit,  r. 

*  In  their  natural  position  with  the  valves  united. 
A  careful  examination  of  the  junction  of  the  M^^alis  Bed  with  the 

^  When  on  a  visit  to  Westleton  last  year,  my  colleagues,  Messrs.  H.  B.  Woodward 
and  J.  n.  Blake,  ascertained  that  the  shinele  at  that  locality  was  the  eouiTalent 
of  masses  of  shingle  that  occur  in  the  so-c«dled  Middle  Glacial  Sands  of  Donwidi 
Cliff. 


Ik  Crag 

Chilleiford  Cr»g.' 
Norwich  Craa  proper, 
L  Flu.io.maSne  (^. 
le  nccom])anyiiig  section  will 
tbe  relations  of  the  aeveral 
ions  of  the  Pliocene  Strata  in 
■liSa  between  Sidestrand  and 
bourn.  Tbe  Glacial  Beds, 
the  exception  of  part  of  the 
)r  Boiihler-clay,  are  omitt«d, 
}y  could  not  be  shown  on  the 
^Tilted  scale  in  the  right 
irtitiu  to  the  other  strata.  It 
be  ol)ser\'ed  that  tbe  Lower 
ier-clay  occasionally  scoops 
.  U>  the  Chalk,  as  at  Beeston. 
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3r  Boulder-clay  has  always 
n  mo  a  shaq>  and  well- 
ed line  of  diTision,  and 
er  Mr.  H.  B.  Woodward  nor 
If  have  been  able  to  see 
alternation   of  these   sands 

the  Cromer  Till)  such  as 
cntioned  by  Messrs.  Wood 
Harmer  as  exhibited  in  the 
)lk  cliffs.'  For  this  re«8on, 
on  account  of  tbe  absenoo 
acial  action  (other  than  per- 

that  of  river  ice)  in  any 
le  beds  described,  I  have 
;ht  it  advisable  to  draw  tbe 
marking  tbe  commencement 
e  Glacial  Period  at  the  base 
le  Lower  Boulder-clay — a 
which  I  may  mention  has, 
adependent  evidence,  been 
1  by  Mr.  H.  E.  Woodward 
B  neighbourhood  of  Norwich, 
le  subjoined  table  will  show 
lifferent  stages  of  what  may 
ell  termed  the  Norfolk  Crag. 
'  BoDlder  Contorted  Drift  aod 
Jay.  Cromer  Till. 

rHiralls  Beda. 
Freshwater  Bed. 
WtTbourn      Bedi      and 
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Paubomtoloot. 

By  RovmT  Ethebidob,  Junior,  F.G.8.,  etc 

{OotUimrndfi^m  th$  Jmu  iftwiAfr,  p.  251.) 

(PLATE  XIII.) 

OlasB  PisoBS.    GenoB  Fissodus,  St.  John  and  Wortiben.  1875. 

IU9odu8,  St  J.  and  W.,  1875.  Illinoia  Qeol.  Beport,  toL  tL  p.  411 
Fi89odui  PaiUmi,  sp.  nov.    Plate  XIIL  ^pu  2  and  3. 

8p.  Chars. — Tooth  bidentioulated  with  a  re-entering  angle  betwwt 
the  dentioles;  rides  aloping  down  to  the  lateral  anglea;  antsrior 
profile  convex ;  posterior  profile  concave.  The  most  prominait 
portion  of  the  anterior  surface  is  at  the  centre  of  the  inferior  msrgm 
of  the  crown,  where  it  becomes  bowed-out,  whence  the  sorfiwe 
gradually  recedes  to  the  cutting  edge  of  the  crown  on  the  one  hiui 
and  more  rapidly  towards  the  root  on  the  other.  Superior  tad 
inferior  margins  of  the  crown  symmetrical ;  no  coronal  ridges  (m 
the  anterior ;  anterior  surfiAoe  of  the  crown  smooth,  bat,  where  worn, 
with  a  coarsely-fibrous  appearance.  On  the  posterior  faoe  of  the 
tooth  the  enamel-like  layer  only  just  caps  the  two  denticles,  and 
is  traceable  as  a  thin  line  into  t^e  re-entering  angle  between  them, 
and  are  bounded  inferiorly  by  a  thickened  ridge ;  the  oonvez  portion 
of  the  anterior  face  is  here  represented  by  a  concavity.  Boot  long, 
attenuated,  or  oblong. 

Ohs. — I  believe  it  is  now  becoming  generally  acknowledged  that 
many  of  the  so-called  species  amongst  the  Carboniferous  "  palatal  '* 
teeth  are  mere  variations  of  other  well-marked  forms.  Notwith- 
standing this,  I  think  we  are  justified  in  assign^ ing  names,  provisionally 
at  any  rate,  to  teeth  which  appear  to  be  different  from  those  already 
known,  until  such  can  be  shown  to  be  individuals  of  a  series  repre- 
sented by  some  previously  well-known  form.  Acting  under  this 
belief,  I  have  given  the  above  name  to  the  elegant  little  tooth  now 
figured,  in  honour  of  Mr.  A.  Patton,  to  whom  I  have  been  frequently 
indebted  for  the  loan  of  fossils  from  his  cabinet  My  friend,  Mr.  W. 
Davies  (of  the  British  Museum),  was  kind  enough  to  examine  and 
compare  one  of  the  specimens  with  the  extensive-  collection  of  teeth 
in  the  National  Collection,  and  informs  me  that  it  is  unknown  to  him. 

I  believe  I  am  correct  in  referring  them  to  the  above  recently 
established  genus,  although  one  of  the  characters  ascribed  to  Fi$$odu$, 
viz.  the  ear-like  lateral  angles,  is  certainly  not  represented  here, 
the  latter  being  definitely  rounded.  Of  the  two  described  species. 
Fisaodus  hifidm,  St  J.  and  W.,  and  F,  tricuspidatus,  St  J.  and  W., 
our  tooth  very  closely  resembles  the  former ;  but  there  is  the  partial 
generic  difference  noticed  above,  and  there  is  an  entire  absence  of 
imbricating  ridges  at  the  base  of  the  crown,  in  addition  to  other 
minor  points. 

Loc.  and  Horizon. — Obtained  by  Mr.  A.  Patton  from  shale  im- 
mediately above  the  Calderwood  Cement  Stone,  Lower  Carboniferous 
Limestone  Group,  at  the  Eirktonholm  Cement  Mine,  East  Kilbride. 
Lanarkshire ;  also  roof  of  the  Splint  Coal,  Edge  Coal  Series,  Deau 
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.  Kinniel,  near  B'oness. — Collection  of  the  (Geological  Sarvey  of 
>tland,  collected  by  Mr.  James  Bennie. 

OenuB  Obaoanthus,  Agassiz. 

OracarUhus  MtUeri,  Agassiz.    Plate  XIII.  Figa  4-6. 

MiOeri,  Af^.  \  Bech.  Poissons  Fom.  toL  iii.  (1833-34),  p.  13,  Atlaa  iii.  t  3,  f.  1-4. 
„       M*Co7,  Brit  Pal.  Foss.,  p.  634. 

^pine. — Foor-sided,  more  or  less  laterally  flattene<l,  tapeving,  hollow 
irly  ta  the  apex,  substance  thin.  Apex  where  broken  =10  lines 
4^  lines;  base  =:  2  inches  2  lines  by  1  inch  (aboat).     Section  of 

base  transversely  oval ;  section  of  the  apex  oval,  wider  at  one 
I  than  the  other,  solid.  Anterior  end  (?)  narrower  than  the 
iterior;  posterior  end  (?)  flattened,  at  right  angles  to  the  sides, 
lal  large,  occupying  the  whole  of  the  internal  portion  of  the 
,  bat  terminating  towards  the  apex  at  the  fractured  point  Sur- 
d  covered  with  conical,  fluted  tubercules,  arranged  singly  in 
lulating  transverse  ridges  or  becoming  laterally  oonfluent ; 
ces  of  the  tubercules  obtusely  pointed.  On  one  of  the  larger 
lateral  faces  the  rows  are  ^most  horizontal,  or  only  slightly 
ique;  but  on  the  other  they  are  much  more  so>  the  obliquity 
ng  considerably  increased  on  the  smaller  ends.  The  tubercules 
rease  slightly  in  size  down   the  spine   from  the  apex  towards 

base,  and  their  apices  are,  if  anything,  inclined  a  little  upwards 
rards  the  former ;  on  the  flattened  posterior  (?)  end  they  are 
idedly  larger  than  on  any  other  part  of  the  spine.  The  confluent 
iions  of  the  ridges  are  of  less  height  than  the  tubercules  them- 
ires.  Flattened,  or  a  little  concave,  striate,  or  striato-punctate 
€es  separate  the  transverse  ridges. 

%». — The  protean  character  of  surface  ornamentation,  proportions, 
I  distortion  often  found  in  this  spine  are  ascribed  by  Prof.  M*Coy^ 
the  thin  character  of  its  substance,  and  in  consequence  no  two 
criptions  will  be  found  alike.  M*Coy  united  Agassiz's  described 
m  O.  Milleri  with  the  undesoribed  O.  confluens,^  and  doubtless 
h  justice.  The  above  description  is  that  of  the  very  handsome 
cimen  (Figs.  4-6)  from  the  Cabinet  of  Mr.  A.  Patton,  E.  Kilbride, 
I  which  appears  to  be  O.  Milleri  {+  0.  confiuens),  as  described  by 
>f.  M*Coy.  Dr.  Traquair  was  kind  enough  to  examine  a  specimen 
.ring  the  name  0.  conjluem,  in  the  Cabinet  of  the  Earl  of 
niskillen,  and  informs  me,  that,  so  far  as  he  can  recollect, 
bout  actual  comparison,  Mr.  Patton's  fine  specimen  bears  a  great 
ambiance  to  it.  The  spine  appears  to  be  quite  in  its  normal 
tn,  there  are  no  signs  of  crushing  or  distortion.  The  free,  or  con- 
mt  form  of  the  tubercules,  is  not  specially  confined  to  any  one 
t  of  the  spine. 

Loc.  and  Horizon, — Obtained  by  Mr.  A.  Patton  from  shale  two  feet 
I  a  half  above  the  Calderwood  Cement  Stone.  Lower  Carboniferous 
oestone  Group,  in  a  quarry  at  the  Upper  Gliebe,  East  Kilbride, 
larkshire. 

*  Zoe.  cit,  suprit,  '  Zoc  eit.  suprd^  ^,  Vll. 
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Gtenus  Fsauhodus,  Agaaaiz. 
J'fnvm'>ihiii  rngotug,  Agaeniz.     Plate  XIII.  PigK.  7-tf. 

J".  M"7'.*i«,  Ag.iRtrli.  TuiMOM  F««.  YoU  iii.  (1833-3*),  p.  111.  AlU.  (S.LlXt 

H-1N.1.  13,  f.  15. 
I,      „        M'Coy.  Ilrit.  PaL  Fom..  p.  6»t. 

T<-i>lk — Obiong.  Ungual ;  length,  without  tbe  lateral  prolongstioij. 
2  iiiHies  5  liiie^i;  brRndth  1  inch  3  liuea;  heights  lines.  The  Icmgw 
margins  of  the  crown  are  convex  and  rounded,  with  sharp  fiff»i 
(iiiil  hound  the  sfiniewhat  concave  centre  of  the  crown,  whict  is 
higlier  iu  the  miildle  thiui  nt  the  flhortcr  cnil*,  One  of  the  shDrlsi 
marginB  (the  anterior?)  »  obliquely  oonrox,  imd  its  etlge  roughly 
crenulutfltl ;  the  othur  (or  posterior?)  is  somawhAt  concave  or  ct- 
Cftviiteil,  with  the  edge  ft  little  bevelled  OMtwanle  and  deeply  *lil 
vBi-tically.  .SiWps.  — TTie  longer  sidee  are  more  or  less  vertical,  ot 
at  rij;hr  niifjles  to  the  wown  ;  one  of  the  shorter  sidoa  (the  anterinr?) 
ia  bi'vplleil  iiiwimls  for  tlie  articulaliou  of  the  preceding  tooth ;  th« 
Other  Khi^rter  siile  is  like  the  lungei-  Interal  ones,  almost  vertinJ. 
and  is  L'siBinleil  ijackwards  wilh  one  of  the  Inttor  to  form  a  poinWA 
lattiiiUy  compresBed  prolongatioa.  OmanenMton. — The  crown  il 
coveivd  with  minute,  vermifonn,  tmnsverse,  tortuous  frittEre^  riilg<* 
niHiiy  of  which  hifiircate.  and  hecome  iiii>re  broken  up  in  IIil'  l.iri^-r 
lateral  margins.     Tlie  longer  latcr/il  sides  are  roughened. 

Ohi. — Tlie  jiresent  tooth  diflera  from  Agassiz's  typical  figures  in 
tlio  iibsence  of  the  pi-ominent  rounded  eminence  on  the  poslcriut 
pnrt  of  the  crown,  nlilioiigh  one  of  his  specimens  appears  to  hare 
hepii  devoiil  of   it.      Asiissiz  consiilered  that  an  intimate  afBnity 
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abont  50  or  60  feet  below  the  bottom  of  the  Orton  Scar  Limestone 
at  Ashfield,  Ravenstonedale,  Westmorland.  Associated  with  the 
tooth.  Prof.  Nicholson  informs  me,  were  a  large  number  of  Corals, 
Sraohiopods,  and  other  fossils.  Of  ihe  Corals  the  most  characteristic 
and  abundant  were  lAihostrotion  Martiniy  L,  irregulare,  Syringopora 
genitviata,  and  Zaphrentia  Bowerbanki,    Cabinet  of  Prof.  Nicholson. 

I  am  much  indebted  for  information  and  the  loan  of  specimens  to 
Professors  Williamson  and  Nicholson,  and  Messrs.  E.  W.  Binney, 
F.R.S.,  A.  Patton,  J.  Bennie,  J.  Linn,  and  J.  Simpson,  and  the 
Rev.  T.  Brown,  M.A. 

EXPLANATION  OF  PLATE  XIII. 

Fio.  \,-^I>entalium  inornatum,  M*Coy  P  twice  nat.  size.   L  CarboDiferous,  Ardross, 

Fife.    Coll.  Geol.  Survey,  Scotland. 
>t    2. — Fisiodtu  ?  Fattnni^  R.  £th.,  jun. ;   three  times  nat.  size.     Calderwood 

Series,  East  Kilbride.    Cabinet  of  Mr.  A.  Patton.     Anterior  view  ? 
„    8. — The  same ;.  another  specimen^  posterior  view  ?  three  times  nat.  size.    Boof 

of  the  Splint  Coal,  Edge  Coal  Series,  Dean  Pit,  Kinneil,  near  B'oness, 

Linlithgowshire.    Coll.  Oeol.  Survey  of  Scotland. 
„    4,^^Oreeanthu8   MiUeri^  Ag^    lateral  view,  nat.  size.      Calderwood   Series, 

East  Kilbride.    Cabinet  of  Mr.  A.  Patton.    4a,  tubercules  enlarged. 
„    5. — The  same ;  posterior  view  I  nat.  size. 


6. —        „         anterior     „  „ 


„    7. — JPiMmmodut  ntgosua,  Ag.  var. ;   view  of  crown  of  the   tooth,  nat.  size. 

Carboniferous   Limestone,  Bavenstonedale,  Westmorland.    Cabinet  of 

ProC  Nicholson. 
„    8. — ^The  same.    Sid&  view  showing  the  lateral  prolongation ;  nat.  size. 
„    9. — Portion  of  surface  of  the  crown  of  the  same  tooth  magnified  to  show  the 

eharacteristic  '*  fringed  ridges." 


V. — On  the  80-oalled  "  Permian  "  and  the  New  Rbi>  Sandstone 

Formations. 

By  the  Bev.  A.  Ikvino,  B.A.,  B.Sc,  F.G.S.,^ 
of  Wellington  College,  Wokingham. 

ON  the  Gth  March,  1874, 1  communicated  a  paper  on  the  "  Geology 
of  the  Neighbourhood  of  Nottingham"^  to  the  Geologists' 
Association,  which  was  subsequently  printed  tn  extenso  in  their  Pro- 
ceedings. Up  to  that  time  I  believe  the  definition  laid  down  by  the 
Grovemment  Survey,  and  imported  into  text-books,  of  the  distinction 
between  the  so-called  Permian  and  the  New  Bed  Sandstone  forma- 
tions  had  not  been  called  in  question  very  prominently.  Like  other 
atadents  of  geology,  I  myself  accepted  in  good  faith  the  dictum  as  to 
a  great  break  existing  between  the  two  formations,  indicating,  of 
Qoone,  an  enormous  period  of  time.  I  could  not,  however,  help,  as 
I  walked  along  the  banks  of  the  Leen, — which  flows  along  the  foot 
of  the  western  escarpment  of  the  Lower  Bunter  Sandstone, — trying 
to  realize  what  this  really  meant;  and  the  thdught  was  not  without 
its  influence  in  stimulating  me  to  try  and  work  out  such  evidence  as 
the  district  might  aflbrd,  of  the  reality  of  this  great  hypothetical 
interlude  in  the  geological  succession  of  strata.  Wishing  to  make 
myself  acquainted  with  all  the  observations  which  had  been  pre- 
vionaly  made  upon  the  subject,  I  perused  carefully  the  memoirs  of 

^  See  Gbol.  Mao.  1874,  ^ew  Series,  Vol.  1.  p.  ^\\. 
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the  Geologioal  Sorrey  apon  the  dbbiot  The  more  the  nwHwr  wit 
studied,  the  more  did  I  lose  confidenoe  in  the  dictum  above  vefrml 
to,  and  I  could  not  help  coming  finally  to  the  condiuiony  as  Tfat 
Phillips  had  done,  with  reference  to  the  same  two  aeries  of  nnfa 
in  another  area,  that  ''their  physical  history  waa  npoa  the  wbtak 
one  great  series  of  natural  operations."  Nor  had  I  orefiooked, 
as  Mr.  Aveline^  seems  to  imagine,  the  few  and  meagre  data  wlaA 
were  furnished  by  him  and  by  Prof.  Hull  in  meir  leapeuliiB 
*'  Memoirs,"  from  which  their  conclusions  as  to  the  neat  onooa- 
formity  between  Bunter  and  Permian  was  drawn.  It  la  not  fiir  me 
to  point  out  to  Mr.  Aveline,  or  to  any  other  geolc^;i8t  ao  pnwtissd 
and  experienced  in  field-work  as  he  is,  that  we  have  here  a  qoestioa 
where  we  must  decide,  if  at  all,  by  the  balancing  of  probwilitiei. 
The  direni  evidence  of  any  great  unconformity  is  very  weak 
indeed.  The  intercalation  of  the  middle  marls  and  sandatones  bj 
Worksop  and  northward  furnishes  very  little  proof  of  the  xemoval 
by  post-Permian  denudation  of  the  Upper  Magnesian  Iiimeatone  ss 
we  proceed  south ;  as  I  think  any  one  will  see  who  will  take  the 
trouble  to  weigh  well  the  reasoning  of  Mr.  E.  Wilson,  F.O.S..  in  tbe 
May  Number  of  this  Maoazikb  (p.  238).  I  must  say  that  I  agree  with 
this  gentleman  entirely  as  to  the  true  inteipretation  of  the  fivts 
reitesated  with  so  much  emphasis  by  Mr.  Aveline  in  hia  recent 
communication  to  this  periodical :  facts  which  both  Mr.  Wilson  and 
myself  were  fully  conversant  with,  since  they  were  stated  years  ago 
iu  tbe  "  Memoirs."  And  not  only  are  we  now  in  a  better  position 
to  judge  of  their  true  bearing,  on  account  of  the  great  accession  to 
our  stock  of  data  which  has  been  furnished  by  the  recent  develop- 
ment of  the  South  Notts  Coal-field ;  but  I  venture  to  say  that  auy 
one  who  had  seen  the  great  intercalated  masses  of  dolomitic 
sandstone  which  are  quarried  in  the  neighbourhood  of  Mansfield, 
might  well  feel  sceptical  (in  the  absence  of  paleeontological  evidence) 
as  to  the  precise  identity  of  a  particular  member  of  the  Magnesian 
Limestone  group  at  Worksop,  with  the  beds  that  occur  betweeu 
Mansfield  and  Nottingham ;  where  the  lateral  variation  of  the  whole 
series  is  so  great,  and  the  general  tendency  of  even  the  dolomite 
itself  to  become  more  and  more  coarse-grained,  fiaggy,  and  gritty  in 
its  progress  southward,  is  most  pronounced.  Nor  do  I  forget  (even 
with  the  circumscribed  geological  vision  of  a  "  local  geologist")  that 
this  is  in  general  haixuony  with  the  thinning-out  of  the  whole  series 
of  the  Magnesian  Limestone  from  a  thickness  of  fiOO  feet  in  the 
county  of  Durham,  to  thatof  a  few  fiaggy  bands  in  Nottinghamshire. 
Every  one  who  has  done  any  field-work  at  all,  must  know  how 
hazardous  it  is  to  generalize  in  a  spirit  approaching  to  anything  like 
dogmatism,  on  the  actdal  relation  of  two  sets  of  rocks,  both  of  which 
are  unfossiliferous,  unless  they  had  been  traced  continuotuly  across 
the  country;  and  this  Mr.  Aveline,  with  the  small  amount  of  data 
afibrdcd,  will  scarcely  maintain  to  have  been  done  in  the  present 
instance.     That  a  southern  and  south-western  boundary  must  have 

1  Sec  Mr.  Aveline*s  article  in  the  April  No.  of  Geol.  Mao.,  p.  165,  **  On  the 
Magaesian  Limestone  and  the  New  Bed  Sandstoue  of  Nottingham.*' 
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existed  somewhere  to  the  Magnesian  Limestone  Sea,  is  beyond  all 
doabt ;  and  we  believe  that  it  was  not  far  from  the  latitude  of  the 
town  of  Nottingham ;  for  I  suppose  no  one  will  contend  that  the 
Permian  series  of  this  district  has  anything  in  common  with,  or 
was  once  continuous  with,  the  so-called  Permian  sandstones  and 
marls  of  Warwickshire  and  the  adjacent  counties  (which,  by  the 
way,  I  am  glad  to  learn  that  Mr.  Aveline  is  willing  to  relegate  to 
the  Goal-measures,  and  so  confirm  the  belief  to  which  a  visit  of  two 
or  three  weeks  of  last  winter  to  that  county,  led  me). 

It  is  with  great  diffidence  now,  as  it  was  four  years  ago,  that  I 
venture  to  discuss  with  him  a  question  for  which  he  has  so 
much  more  aptitude,  both  from  extensive  observation  and  from  pro- 
fessional training,  than  one  can  possibly  pretend  to,  who  has  worked 
at  Greology  more  from  a  conviction  of  its  educational  value  than 
from  any  other  motive  ;  but  I  hope  he  will  pardon  my  saying  that 
in  geological  questions  we  must  look  for  the  same  logical  coherency 
in  the  evidence  as  we  demand  in  other  departments  of  science  or  in 
a  court  of  law,  and  that  the  lack  of  this  cannot  be  compensated  for 
by  our  belief  (however  strong  that  may  be),  in  the  extensive  know- 
ledge of  the  observer.  That  the  Bunter  strata  overlap  the  Magnesian 
Limestone  in  Nottinghamshire  is  evident  enough,  but  I  could  not 
see  (nor  can  I  see  yet)  that  this  necessarily  implies  unconformity 
resolb'ng  from  the  disturbance  and  general  denudation  of  the  imme- 
diately subjacent  strata.  This  may  or  may  not  accompany  the 
phenomenon  of  *'  overlap  " ;  and  whetlier  it  actually  does  or  not 
must  be  decided,  in  a  case  like  the  present,  by  examination  of  actual 
sections ;  but  here  we  find,  as  section  after  section  is  added  to  the 
list  of  those  previously  exposed,  that  the  great  break  (as  evidenced 
by  observed  unconformity)  is  below  the  **  Permians,"  and  not  above 
them.  1  do  not  for  a  moment  maintain  that  there  is  **  perfect  con- 
formity "  everywhere  between  the  Permians  and  the  Bunter ;  but  I 
believe  that  such  slight  unconformities  as  are  actually  observable  at 
this  particular  horizon  are  not  a  whit  greater,  and  have  no  more 
general  significance  whatever,  than  such  as  (according  to  my  own 
observation,  and  Mr.  Aveline's  showing  in  his  *  Memoir')  exist 
between  different  members  of  the  Permian  and  Trias  themselves ; 
and  especially  (a)  between  the  Magnesian  Limestone  and  the 
stratified  red  and  purple  Permian  marls  that  lie  upon  its  eroded 
surface  at  Mansfield  and  elsewhere;  (b)  at  the  junction  of  the 
Lower  Mottled  Sandstone  and  the  base  of  the  Bunter  Conglomerates, 
as  seen  in  section  in  the  "  Hemlock  Stone  ** ;  (c)  at  the  junction  of 
the  Bunter  aud  the  Eeuper,  several  sections  of  which  in  the  neigh- 
bourhood of  Nottingham  I  have  previously  described.  For  further 
information  concerning  such  minor  and  localized  unconformities,  I 
may  refer  to  Mr.  Aveline's  memoir  on  "  Parts  of  Nottinghamshire 
and  Derbyshire,"  p.  11,  and  to  Prof.  Hull's  memoir  on  the 
"Permian  and  Triassic  Rocks,"  figs.  11,  12,  18,  14,  and  16. 

It  is  no  reflexion  upon  Mr.  Aveline  personally,  nor  in  any  sense  a 
depreciation  of  the  officers  of  H.M.  Geological  Survey  or  their  most 
valuable  work,  to  suggest  that  generalizations*  may  have  been^  in. 
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freshwater  and  marine :  the  other  is  the  further  subdivision  of  the 
lower  or  marine  portion  into  two  by  uniting  the  Gkinister  Beds, 
Millstone  Grit  and  Upper  Limestone  Shales  into  a  Middle  division, 
and  the  Carboniferous  Limestone  and  Lower  Limestone  Shales  into 
a  Lower  division. 

It  is  difficult  to  see  how  the  Lower  Coal-measures  and  the  Mill- 
stone Orit  can  properly  be  classed  as  essentially  marine  in  the  face  of 
the  ooal-seams  and  beds  of  Ganister,  which  bespeak  land-surfaces  : 
but  the  proposal  to  unite  the  Lower  Coal-measures  or  Gkmister  Beds 
with  the  Millstone  Grit  has  something  to  recommend  it,  for  the 
North  of  England  at  least,  on  stratigraphical  grounds  beyond  the 
palaeontological  ones  relied  on  by  Prof.  Hull :  for  the  two  sets  of 
beds  have  much  in  common  ;  workable  coal-seams  are  not  imknown 
in  the  Millstone  Grit  of  DerlDyshire,  and  such  become  more  common 
as  we  go  northward ;  though  the  Sandstone  Beds  are  as  a  rule  coarser 
in  the  Millstone  Grit  than  in  the  Lower  Coal-measures,  yet  all 
Millstone  Grits  are  not  coarse  ;  some  are  very  fine  ;  and  grits  quite 
as  coarse  as  ordinary  Millstone  Grits  do  occasionally  occur  in  the 
Lower  Coal-measures.  It  is  true  we  have  a  well-marked  top  to 
the  Millstone  Grit  in  Derbyshire  and  Yorkshire :  but  this  I  look 
upon  as  a  happy  accident :  and  were  the  Permian  removed,  where 
it  hides  the  upper  part  of  the  Millstone  Grit,  perhaps  we  should  find 
ihe  Rough  Rock  lose  its  well-marked  character  or  possibly  thin 
away  altogether,  and  then  where  would  our  division-line  be  ?  But, 
what  is  more  itnportant,  beds  of  Ganister,  which  are  the  distinguish- 
ing feature  of  the  Lower  Coal-measures,  occur  also  in  the  Millstone 
Grit :  this  is  the  case  as  far  south  as  Derbyshire  ;  and  as  we  go  north 
the  Ghinister  beds  in  the  Millstone  Grit  become  so  prominent  that  the 
measures  containing  them  might  easily  be  mistaken  for  the  equivalents 
of  the  Lower  Coal-measures  of  South  Yorkshire. 

Prof.  Hull  further  proposes  to  class  the  Upper  Limestone  Shales 
with  the  Millstone  Grit.  It  has  always  been  a  difficult  matter  to 
separate  these  two  snbformations  satisfactorily,  except  for  quite 
limited  areas.  The  line  between  the  two  has  been  drawn  in  very 
different  places  by  different  observers.  The  late  Prof.  Phillips 
drew  the  line  below  the  great  grit  of  Pendle  Hill :  subsequent  ob- 
servers threw  the  equivalent  of  this  grit,  under  the  name  of  Yoredale 
Grit,  into  the  Upper  Limestone  Shales.  But  Phillips  was  undoubt- 
edly right  in  classing  it  with  the  Millstone  Grit ;  for  the  grit  in 
question  is  simply  the  basement  bed  of  the  Einderscout  Grit,  from 
which  it  is  often  quite  impossible  to  separate  it  satisfactorily.  The  name 
Yoredale  Grit,  too,  is  a  singularly  unhappy  one ;  for  it  is  more  than 
doubtful  whether  any  representative  of  this  grit  occurs  in  Yoredale 
at  all.  But  in  my  opinion  the  term  Yoredale,  as  a  synonym  for  the 
old  term  Upper  Limestone  Shale,  is  itself  incorrect.  The  type  of 
beds  developed  in  the  valley  of  the  Yore  is  a  very  marked  one ;  also 
very  peculiar,  by  no  means  generally  characterizing  the  beds  below 
the  Millstone  Grit ;  it  would  seem  better  therefore  to  retain  the  old 
term  Upper  Limestone  Shales  for  these  measures  generally,  reserving 
the  term  Yoredale  series  for  those  cases  in  which  the  bed&  ^^^x^^- 
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mate  more  or  len  to  tba  type  in  Yozedala  Oomnderiiiflfihapeoilkr 
duumoter  of  the  Yoredale  beds,  so  diiEarent  firom  the  MllhtaiB  Giil^ 
I  think  it  would  be  a  mistake  to  throw  them  into  the  — m>  dssiai 
the  latter  gproup ;  nor  would  Prof.  Hull  find  it  ^wmrjwbmn  so  eay. 
as  it  is  in  Derbyshire  and  Lanoashire,  to  separate  the  UpiMr  Ub^ 
stone  Shales  fiom  ibe  Oarboniferons  Limestone,  the  &0t  Mug  Ihit 
the  thiok  limestone  splits  np  north-eastwsrd  into  a  nmnfaer  of 
divisions  of  limestone,  sandstone,  and  shale.  I  do  not 
believe,  pace  Pro£  Hull,  in  the  possibility  of  finding  any 
tion  of  tne  Oarboniferons  rooks  appUoaUe  to  the  whole  of 
other  than  the  philosophioal  one  reoommended  by  Fto£  Bamai^'y  of 
treating  the  whole  as  one  indivisible  fonnation  and  magpag 
separately  eaoh  important  bed,  or  group  of  bedsi  of  grit^  Kmssfain^ 
ohert,  ironstone^  P^^  ot  shale. 


yn. — ^Masozoio  YoLOAMio  Books  ov  British  Golumbul  amd  Cans, 

BSLATIOH  ov  YOLOAHIO  AND  HSTAMOBPHIO  BoOKS. 

By  GioaQi  M.  Dawsow,  F.G.8^ 
of  the  Geological  Surrey  of  Gaaidt. 

IN  Ohile  and adjaoent  regions  of  South  Amerioay  Hr.  Darwin,  in  hit 
*'  Gteologioal  Observations,"  has  desoribed  a  great  aeries  of  MeK>- 
soio  rooks,  which  he  calls  the  "porphyritio  formation,'*  and  whkA 
shows  an  interestiuK  resemblance  to  certain  rocks  in  British  Oolnmlaa. 
These  I  had  provisionslly  designated  in  my  report  in  oonnezion  with 
the  Greological  Survey  of  Canada  for  1876,  as  the  PorphyrUe  seriei, 
without  at  the  time  remembering  Mr.  Darwin's  name  for  the  Chilian 
rooks.  Many  of  Mr.  Darwin*s  descriptions  of  the  rocks  of  Chile 
would  apply  word  for  word  to  those  of  British  Columbia,  where  the 
formation  would  also  appear  to  bear  a  somewhat  similar  relation  to 
the  Cascade  or  Coast  Bange,  which  that  of  Chile  does  to  the  Cordillera. 
By  its  fossils,  the  {lorphyriUc  formation  of  Chile  is  proved  to  occupy  a 
position  intermediate  between  the  Jurassic  and  Cretaceous,  which  is 
much  that  which  the  Porphy rites  of  British  Columbia  must  hold. 
Beds  overlying  the  Porphyrites  on  Tattayoco  Lake  by  some  thousands 
of  feet — probably  conformably — hold  fossils  characteristic  of  the 
Shasta  Group  or  lowest  of  the  Cretaceous  in  California,  which  is 
believed  to  represent  the  English  Series  from  the  Gkiult  downwards. 
Fossils  collected  last  summer  in  the  porphyrite  and  felsite— altered 
ash  rocks — of  the  Iltasyonco,  a  branch  of  &e  Salmon  Biver  in  latitude 
52'^  50^  present  a  more  distinctly  Jurassic  fadeSf  though  their 
palseontological  value  will  be  more  certainly  known  when  Mr. 
Whiteaves  shall  have  finished  his  examination  of  them. 

Of  the  South  American  Series  Mr.  Darwin  writes:* —  "The 
alternating  strata  of  porphyries  and  porphyritic  conglomerates,  and 
with  the  occasionally  included  beds  of  felspathic  slate,  together  make 
a  grand  formation;  in  several  places  within  the  Cordillera  I  esti- 
mated its  tliickness  at  from  6000  to  7000  feet  It  extends  for  many 
hundred  miles,  forming  the  western  flank  of  the  Chilian  Cordillera ; 

^  Zoe.  ciU  p.  476. 
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and  even  in  Iquique  in  Pern,  850  miles  north  of  the  southemmost 
point  examined  by  me  in  Chile,  the  Coast  escarpment  which  rises  to 
a  height  of  between  2000  and  3000  feet  is  thus  composed." 

The  area  over  which  the  Porphyrite  formation  occurs  in  British 
Columbia  is  very  great,  but  is  as  yet  imperfectly  defined.  I  have 
roughly  estimated  its  thickness  in  one  locality  at  not  less  than  10,000 
fioet.  It  is  bailt  up  of  porphyrites,  tending  occasionally  towards 
quartz  porphyries,  felsites,  and  fine-grained  dolerites,  diabases,  and 
probably  also  diorites,  with  other  rocks  transitional  between  these 
and  the  first  named,  and  great  masses  of  volcanic  breccia  or  agglom- 
erate. Many  of  these  rocks  are  of  sedimentary  origin,  as  shown  by 
their  holding  fossils,  and  by  their  bedding,  but  Sie  material  has 
been  supplied  ready  made  as  volcanic  ashes  and  sand,  and  in  the 
r^on  near  the  eastern  flanks  of  the  Coast  Range  no  intercalated 
siliceous  sandstones,  or  water-leached  clays  forming  true  argillites, 
are  found. 

It  may  seem  hazardous  even  to  compare  rocks  so  widely  separated 
in  space,  but  it  is  very  generally  found  that  in  directions  parallel  to 
the  main  axis  of  disturbance  on  the  West  Coast,  the  formations  are 
remarkably  constant  in  character,  and  it  is  just  in  such  cases  that 
lithological  resemblances  may  to  some  extent  safely  supplement  other 
facts.  I  am  not  aware  that  contemporaneous  volcanic  products  have 
been  recognized  as  forming  a  part  of  the  Cretaceous  or  Jurassic 
formations  of  California, — which  of  the  intermediate  region  is  the 
most  carefully  studied  portion, — but  in  reading  Professor  Whitney's 
report,  one  is  much  tempted  to  believe  that  a  portion  of  the  very 
puzzling  appearance  of  metamorphism  in  certain  groups  of  beds 
intercalated  with  others  sdmost  unchanged,  may  resdly  be  due  to 
their  original  composition  as  volcanic  materials  easily  hardened  and 
crystallized.  The  "red  rock"  or  "imperfect  serpentine"  of  the 
Cretaceous  of  the  vicinity  of  San  Francisco  certainly  resembles 
nothing  so  much  as  a  partly  altered  volcanic  product.^ 

It  is  evident  that  by  the  folding  together  and  complete  metamor- 
phism of  such  masses  of  volcanic  material  as  those  described  in  Chile 
and  British  Columbia,  they  would  form,  without  addition  or  much 
chemical  change,  a  great  series  of  granites,  gneisses,  diorites,  and 
crystalline  schists,  like  those  characterizing  many  of  the  older  forma- 
tions in  portions  of  their  extent.  Besides  the  mere  chemical  identity 
rendering  this  change  possible,  it  may,  I  think,  be  stated  that  the 
equivalency  of  volcanic  products  with  rocks  of  this  class  has  actually 
been  demonstrated  in  the  field.  I  would  refer  especially  in  this 
connexion  to  the  work  of  Prof.  Judd  in  West  Scotlcmd,  and  to  that 
of  Mr.  J.  Clifton  Ward  in  Cumberland.  In  Vancouver  Island,  we 
have,  in  fact,  also  a  great  series  of  rocks  of  PalaBOzoic  age,  almost 
certainly  referable  to  the  Carboniferous  period,  which  while  com- 
posed of  diorites,  felsites,  sdiistose  and  gneissic  rocks  which  Mr. 

^  It  should  be  mentioned  that  Prot  J.  J.  Stephenson,  in  reporting  on  a  portion  of 
Colorado,  speaks  of  '*  large  fragments  of  volcanic  rocks  and  volcanic  ash  in  the  lower 
portion  of  the  Cretaceous  everywhere."  U.S.  Geol.  Surv.  West  of  the  100th  Merid., 
1875,  vol.  iii.  p.  500. 
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Selwyn  has  oompaved  in  their  liihologioal  ohaiaotar  to  tlftoia  of  Ai 
Huxonian  or  Altered  Qoebeo  groap  of  Eaatem  Oaoada^  jet  niaii 
ample  OTidenoe  of  their  origin  as  Toloanio  sedimenta  and  iffit/m 
flow8»  and  hold  some  beds  of  oiystaUine  Umeatoney  ttod  of  ar^^Olilib 
— the  latimr  thawing  eomparativeJy  Utile  $ign  ufaUeraMwiu  It  n  nol; 
however,  intended  at  tibia  time  to  enter  into  detail  wifeh  regndto 
these  rocks,  or  of  the  yet  more  anoient-looking  dioritoa  and  gruita 
of  the  Gasoade  Bange^  whioh  are  vexy  possibly  of  the  aaine agsaal 
origin. 

PassiDff  &om  lodks  so^  as  these,  however,  of  whiolt  the  soorasii 
yet  elear^  demonatrable,  to  some  of  those  of  the  Eastern  bordsrof 
the  Continent,  one  is  led  to  think  that  suffioient  prominenoe  hasaol 
been  given,  in  endeavouring  to  aooount  for  their  origin,  to  the  posaUa 
indasion  at  different  periods  of  great  masses  of  little  weslhand 
volcanic  products ;  and  that  while  in  Britain  the  importanoe  of  sodi 
material  has  been  fully  recognized,  and  it  has  been  fonnd  to  ooonr 
at  many  stages  in  the  geologi^  scale, — ^forming  in  Csmberland  from 
12,000  to  15,000  feet  of  <<  green  slates  and  poiphyries,"  in  Wales  a 
great  thickness  of  similar  hard  and  more  or  less  orvstalline  rooks  in 
the  Lower  Silurian  alone, — it  has  scarcely  been  allowed  a  foothold 
in  Eastern  America  except  in  instances  so  patent  that  to  deny  iti 
origin  would  be  absurd.  In  discussing  the  possibility  of  the  prodoo- 
tion  of  "metamorphic"  rocks  from  ordinary  aqueous  sediments  not 
chemically  their  equivalents,  by  pseudomorphism  and  leplaoement, 
and  the  chemical  formation  of  sediments  by  prooesses  not  active  at 
tlie  present  day,  much  ingenuity  has  been  employed,  while  the  place 
of  volcanos  in  supplying  ready-made  the  material  of  crystalline 
rocks  has  virtaally  in  too  many  cases  been  ignored.  This  action, 
according  to  strictly  nniformitarian  principles,  must  be  supposed  to 
have  been  at  least  as  important  at  former  periods  as  at  present,  and 
very  lately  the  Challenger  soundings  have  added  largely  to  our  idea 
of  its  influence,  Mr.  Murray  having  shown  in  connexion  with  them 
that  in  point  of  fact  all  deposits  in  the  depths  of  the  Pacific  not 
organic  are  volcanic. 

The  rocks  of  the  Huronian  are,  where  I  have  studied  them  on  the 
Lake  of  the  Woods,  I  have  no  hesitation  in  affirming,  in  great  part 
of  volcanic  origin ;  tliese  beds,  described  originally  by  Dr.  Bigsby 
as  **  Greenstone  Conglomerates,"  being  undoubtedly  of  this  character 
and  connected  with  others  not  so  evidently  volcanic  by  transitional 
materials,  the  whole  associated  with  sonae  rocks  which  must  have 
approached  ordinary  argillites  in  composition  and  with  quartzites.* 
If  correct  in  this  instance,  as  I  believe  them  to  be,  similar  con- 
clusions will  apply  to  a  great  portion  of  the  rocks  of  other  localities 
supposed  to  be  of  Hmx>nian  age,  as  a  perusal  of  their  description  in 
the  "Geology  of  Canada"  will  render  evident  In  the  felspathio 
and  gabbro-like  rocks  of  the  Upper  Laurentian,  we  have  a  series  so 
completely  the  same  in  composition  with  certain  abundant  modem 
volcanic  rocks,  that  the  attempt  to  account  for  its  composition  by 
pseudomorphism,  or  by  the  theory  of  chemical  precipitates  unlike 

^  Geology  and  Eesources,  49th  Parallel,  1 875,  p.  52. 
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those  of  the  present  day,  seems  almost  as  unnecessary  as  it  would 
be  to  invoke  a  similar  remote  origin  for  the  formation  of  an  ordinary 
sandstone.  In  suggesting  voleanic  agency  as  an  important  factor  in 
the  history  of  the  Lower  Laurentian,  more  hesitation  may  he  felt, 
as  the  mere  area  covered  hy  its  rocks  is  so  mudi  greater  than  we 
would  expect  to  result  from  any  system  or  linear  series  of  volcanos  as 
at  present  known.  It  is  still  a  fact  that  the  greater  part  of  the  rocks 
of  that  formation  are  just  such  as  would  be  produced  from  the  com- 
plete metamorphism  of  volcanic  products  among  which  those  of  the 
acidic  class  preponderated.  Its  limestones  and  iron  ores  do  not  oppose 
the  theory,  as  these,  with  the  quartzites  and  sraphites  may  have  been 
formed  during  periods  of  repose ;  and  it  is  also  apparent  that  if  con- 
siderable areas  of  recently  ejected  volcanic  matter  were  from  time 
to  time  exposed  to  sub-aerial  influences,  their  decay  would  furnish 
lime  and  iron  readily  and  in  great  abundance  to  the  surrounding 
waters,  there  to  be  fixed  by  organic  or  other  agency. 

Judging  from  lithological  characters  alone,  and  without  presuming 
to  enter  into  questions  of  age,  it  would  appear  probable,  or  almost 
certain,  that  volcanic  sediments  or  other  more  or  less  immediate 
volcanic  products  have  assisted  materially  in  the  production  of  the 
crystalline  rocks  of  the  Green  and  White  Mountains,  and  their 
probable  southward  continuations;  the  rocks  of  the  Metamorphio 
Quebec  group,  and  those  of  the  supposed  Huronian  of  Eastern 
Massachusetts  and  Maine.  The  concise  description  of  these  last 
given  in  Dr.  Hunt's  "Chemical  and  Geological  Essays,"  *  might  be 
applied  with  scarcely  a  word  of  alteration  to  portions  of  the  Meso- 
Eoic  volcanic  series  of  British  Columbia. 

If  we  may  be  allowed  thus  to  explain  the  building  up  of  a  great 
thickness  of  the  older  rocks  by  volcanic  action,  we  may  economize 
^eatly  in  the  call   for  geological   time,  which  at  present  seems 
lesirable.     The  crystalline  character  of  any  series  of  rocks  may 
reasonably  be  supposed  to  depend  more  closely  on  their  origincd 
composition  than  on  subsequent  alteration,  and  in  volcanic  products 
—which  may  be  as  finely  stratified  as  any — we  have  the  materials 
)f  many  of  the  rocks  of  the  older  crystalline  formations.     If,  how- 
)ver,  the  action  of  volcanos  in  supplying  materials  for  rock-building 
)n  a  large  scale  be  admitted  as  possible  at  any  era  in  geological  time 
—and  there  is  surely  no  reason  why  it  should  not  be  admitted — the 
«rrelation  of  separated  areas  of  crystalline  rocks  on  lithological 
characters    alone,    from   the   difficulty    of  completely    eliminating 
rolcanic  action,  and  the  precise  similarity  of  the  volcanic  rocks  of 
ill  periods,  when  they  have  sustained  an  equal  degi-ee  of  alteration, 
)ecomes  at  least  extremely  hazardous.    On  the  other  hand,  as  already 
tated,  these  rocks,  due  to  the  same  period,  may  be  found  at  a  similar 
tage  of  metamorphism  and  showing  precisely  similar  characters  for 
^eat  distances  in  certain  lines  of  volcanic  activity  and  disturbance, 
.nd  may  also  be  accompanied  by  parallel  belts  of  contemporaneous 
oaterials  of  ordinary  aqueous  origin, 

I  p.  187,  §  5. 
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Vni, — P A L20HT0 LOGICAL  XoTIB. 
Bj    R.    BrHBBiDnE,    jBiiioF,    F.O.8..   etc. 

rilHE  following  lirief  notes  OH  rare,  little  known,  or  ononiiionillj 
J.  new  fossils,  in  soias  cases  aotioipating  more  detailed  descriplioiu, 
may  be  of  interest  to  the  refulere  of  the  GioiAaiCAL  Haoazise. 

1.  Spiroubib  AniBiGtnift,  Fleming  (Edinb.  New  Phil.  Joura.,  132a, 
Tol,  sii.  p.  2-i6,  t.  9.  f.  3). — This  little  Anneliile  appears  to  hare  beoi 
A  good  deal  lost  sight  of  by  palieontologista.  and  for  that  reascm  it 
may  perhaps  be  well  to  call  attention  to  it.  6'.  amhigtait  was  not 
mentioned  by  Prof.  Morris  in  his  "  Catalogue  of  British  FossiSs," 
nor  by  Meisrs.  Armstrong  and  Young  in  their  "  Catalogue  of  lh« 
CorboniferouB  Fossils  of  the  West  of  Sootland."  It  was  originillj 
desoribeil  by  the  Rev.  Dr.  Fleming,  in  bis  paper  on  the  Britiu 
Testaceous  ADncliiles,  and  placed  in  the  second  division  of  'iA% 
arrangement  of  the  species  of  the  genus  SpiVorftts,  those  with  the 
tube  "  destitute  of  longitudinal  ridges."  He  obtained  it  from  Cdlt'ii 
Linieworks,  near  Fitlesaie,  Fife,  adhering  to  the  sarfooe  uf  J/joAm 
crusta.  Flem.  The  tube  expands  towards  tlie  aperture,  which  isroaad: 
the  umbilicus  is  open,  and  the  BUrfooe  unomamented,  or  very  floelj 
nrinlcled  across.  Unlike  Sp.  carhonariui, Hunihison, it  doee  not.  mtk 
as  I  li;tve  observed,  make  a  groove  for  it«elf  in  the  sniface  ot  the  tody 
t<i  which  it  is  ntlached.  In  <,'*'ncr"l  appearance  Sp.  (imhigniin  olcwly 
resembles  SplToglyplim  marijivatvii.  MCoy.  It  will  Ije  a  i|uesti(.ii  for 
careful  consideration  whether  this  species,  from  its  early  eiinnciniion, 
will  not  absorb  some  of  tlie  Inter  descrihed  forma ;  amongst  ihe  IftHer 
I  would  recommend  particular  attention  being  paid  to  S.  minvta.  Port- 
lock,  and  S.  ompla/niht.  Golilfuss.  Mr.  Bennie  has  obtained  S.  cni- 
hinniis  from  Roscobic  Ounrrv.  Fif'o,  in  addition  to  the  IvMcal  localitv. 
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3.  In  a  bed  of  shale  above  a  limestone  of  tbe  L.  Carb.  Limestone 
group  at  Hillhead  Quarry  near  Cockmuir  Bridge,  and  Whitfield 
Qnarry  near  Carlops,  occur  peculiar  little  microscopic  onion-shaped 
bodies  in  thousands.  They  very  much  resemble  an  onion  in 
general  appearance,  but  at  the  same  time  are  indistinctly  four-lobed 
and  provided  with  a  small  peduncle  or  stalk.  The  form  is  usually 
round  or  globular,  and  the  four-lobed  character  is  caused  by  furrows 
or  constrictions,  but  always  in  a  symmetrical  manner.  Occasionally, 
they  are  met  with  of  a  more  flattened  form,  but  still  showing  traces 
of  the  four-lobate  structure.  I  forwarded  these  little  bodies  many 
months  ago  to  Mr.  H.  K  Brady,  who  informed  me  that  he  was  well 
acquainted  with  them,  that  they  bore  no  Foraminiferal  characters, 
and  usually  occurred  in  large  numbers  together,  but  seldom  where 
Foraminifera  abounded.  He  adds,  "  I  suspect  they  must  be  vege- 
table. They  occur  in  one  of  the  beds  of  the  Toredale  Rocks  (Eng- 
land), where  they  are  very  abundant."  I  have  not  been  able  to 
detect  any  structure  which  would  lead  me  to  assign  to  them  any 
particular  position  in  the  Animal  Kingdom.  If  they  are  not 
Foraminiferal,  and  of  this  there  can  be  no  better  judge  than  Mr. 
Brady,  and  so  far  as  I  havd  seen  there  does  not  appear  to  be  any 
Echinodermal  structure  about  them,  we  are  reduced  to  the  alternative 
of  regarding  them  as  of  vegetable  origin.  May  tliey  be  Sporangia  ? 
Collector,  Mr.  James  Bennie. 

4.    BOBINOS  IN  THE  SHELL   OF   ChONBTES    LaGUKSSIANA,    dc  Eou. — 

Specimens  of  this  species  from  shale  above  the  limestone  at  Eoecobie 
Quarry  near  Dunfermline  are  perfectly  riddled  with  fine  borings 
quite  perceptible  to  the  naked  eye.  They  appear  to  be  of  two  kinds. 
Those  seen  on  the  exterior  of  the  ventral  valve  are  straight,  and 
all  more  or  less  tending  in  one  direction,  generally  parallel  with 
the  surface  strisB  of  the  shell,  but  at  times  crossing  these  latter  at  an 
angle.  The  second  kind  are  visible  on  the  dorsal  valve,  they  are 
irregularly  festoon-shaped,  and  are  more  commonly  confined  to  near 
the  front  margin  of  the  valve,  but  all  connected  with,  and  running 
into  one  another.  Each  boring  appears  to  form  almost  a  semicircle  ; 
these  being  placed  in  longitudinal  rows,  and  connected  by  their 
extremities  with  the  row  in  front,  give  rise  to  the  appearance  of 
irregular  festoons.  They  may  be  the  borings  of  sponges,  or  perhaps 
of  parasitic  algSB  (?). 

Colkctar,  Mr.  James  Bennie. 

5.  Some  very  minute,  quite  microscopic,  flask  or  bottle-shaped 
little  bodies  were  obtained  by  Mr.  Bennie  from  the  shale  above  the 
the  limestone  at  Hoscobie  Quarry,  Fife  (L.  Carb.  Limestone 
Group).  They  may  be  described  as  elongately  bottle-shaped, 
inferiorly  tapering  almost  to  a  point,  expanding  at  about  the  centre, 
becoming  constricted  towards  the  superior  end,  where  bifurcation 
takes  place.  The  larger  portion,  which  is  the  cell-mouth,  is  bent 
almost  at  right  angles  to  the  imaginary  axis  of  the  fossil ;  the  other 
portion  is  continued  vertically  as  a  small  connecting  stolon  for 
the  cell  which  would  succeed.  They  have  a  shining  hysdine  ap- 
pearance. Examples  were  forwarded  to  the  Bev.  T.  H.viieik&^  ^\xq 
was  kind  enough  to  con5rm  my  previously  eiitert8iTiQ&.  ^xx^^vc^qtol  «& 


320   ITotiees  of  Memein—E.  Norton,  on  JSTcrfoUk  FantlAA. 


to  their  Polysoal  affinitiet.   He  Temftrki  that  tiie  KCtte  bodies  ms 

to  oome  very  near  the  recent  genae  >«r«pafuh  and  its  ally  JijyottjM. 

He  adde,  uiere  is  also  a  Cretaoeons  ipedee  of  the  genot 

(M.  ati^narta)  oloiely  related  to  them.     The  praaent  form  aeei 

not  be  mistaken  for  either  of  the  following  FaJadoaoio  species:— 

£tppofAoa  Fot^ftaao,  King,  Permian  Foss.  lingland,  1860,  p.  8L 

t.  8,  f.  13 ;  Oienits,  Djras,  p.  120/  t.  20,  f.  24^  26 ;  H.  imftaia,  HsD, 

Nicholson,  Ann.  Na|L  Hist,  1875,  toL  zy.  p.  128,  L  II,  £  1.    Ai 

regards  size,  J7.  i a/Zoio,  Hall,  approaches  nearest  to  oor  Gaiboniftnss 

forms,  but  it  is  much  larger.    I  propose  to  call  this  SippoHm^ 

JBineksii,  and  hope  before  long  to  give  a  more  detailed 

and  figure. 

{l\ib$  §ontinmd,) 


L — Tmc  FoRBST-Bvn  of  East  Kobxx>lk.  By  Hxhbt  McmroiTy  F.6.& 
Paper  read  before  the  Norwich  (Geological  Sooietjp  May  lst» 
1877. — Norwieh  Mercury,  May  5th. 

rE  author  first  refers  to  an  excarsioh  made  to  Mnndealey  and 
Happisborgh  by  members  of  the  Norwich  Qeological  Society, 
an  account  of  which  was  pnblished  in  the  EoBterm  DaUff  Avss, 
of  February  15th.  It  was  therein  stated  that  "several  stools  of  treeib 
with  roots  branching  out,  were  seen,  and  proved  on  ezaminatioa  to 
have  grown  upon  the  bright  blue  clay  of  the  soil  of  the  forest" 
Having  been  unable  to  attend  the  excursion,  he  went  two  days  later 
for  the  special  purpose  of  ascertaining  whether  the  stumps  of  trees 
observed  were  actually  in  sitA  as  they  grew.  The  few  he  was 
enabled  to  examine,  although  they  had  a  false  appearance  of  having 
grown  where  found,  had  their  roots  broken  off,  and  could  not  have 
lived  on  the  spots.  They  might  very  naturally  have  been  drifted 
into  such  positions. 

Tlie  poor  result  of  his  visit  induced  him  to  examine  what  is  the 
evidence  on  which  the  belief  in  the  Forest-bed  rests ;  and  the  main 
object  of  the  present  paper  was  to  point  out  how  unsatisfactory  were 
tho  statements  of  those  who  have  written  upon  the  subject  He 
referred  to  the  observations  of  E.  C.  Taylor,  Rev.  J.  Layton,  8. 
Woo(lw<ard,  J.  Trimmer,  and  to  those  of  Mr.  Prestwich  and  Mr. 
John  Gunn.  Lyell  hod  never  seen  the  stools  of  trees  in  situ.  The 
statements  made  by  these  geologists  were  all  vaguely  general.  No 
one  had  taken  a  particular  stump,  examined  the  condition  of  the 
roots,  whether  whole  or  broken,  and  told  us  their  actual  length  and 
their  position  on  the  groimd.  It  was  known  that  remains  of  oak 
have  been  found,  but  we  were  never  told  that  any  particular  stool 
was  oak  ;  nor  have  we  ever  been  told  that  any  particular  trunk  was 
ever  found  lying  near  its  own  stool.  It  was.  in  fact,  only  too  dear 
that  our  observers  in  general  did  not  appreciate  the  value  of  precise 
facts  as  opposed  to  loose  generalities. 

Mr.  Norton  was  ready  to  admit  the  high,  very  high  probability, 
of  a  forest  in  sitii,  but  contended  that  there  was  yet  no  absolute 
proof  of  it  H.B.W. 
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n. — Notes  on  Fossil  Plants. 

[Communicated  by  Count  MABSCHALLy  C.M.G.S.,  etc.] 

1.  Sandstones  of  Grdden,  hettoeeH  Neumarkt  and  Mazzon,  SotUh  Tyrol, 

(Imp.  Geol.  Instit.  Vienna,  Meeting  January  9,  1877.) 

11HE  strata  here  are  horizontal  in  a  hill,  at  the  summit  of  which  is 
Mazzon.  Beginning  with  the  lowest  beds  (near  Neumarkt,  at 
the  foot  of  the  hill),  Nos.  1,  3,  and  o  are  grey  and  red  sandy  cmd 
argillaceous  beds  of  the  **  Groden  Sandstone '' ;  .2.  White  sandstones, 
with  vegetable  remains;  4u  Subordinate  beds  of  grey  shales,  with 
vegetable  remains;  6.  Yellow  dolomitic  strata,  partly  oolitio  and 
glauconitic,  and  white  compact  limestones,  interspersed  with  mala- 
chite ;  7.  ''  Seisser  beds,"  on  which  Mazzon  is  situate. 

The  plant -remains  in  No.  2  are  indeterminable  stems  and  trunks, 
with  carbonized  bark,  well  preserved  and  large  stobili  <{of  Voltzia 
Hungarica^),  branches  with  acicular  leaves,  fronds  of  Ferns,  and 
here  and  there  some  few  Calamites.  The  very  friable  bed  No.  4 
includes  perfectly  preserved  bracts,  acicular  leaves,  short  branches, 
and  strobilu 

Altogether  the  facies  of  this  Flora  is  IViassic,  like  that  of  the 
"  Both  "  Flora  of  Zweibrucken.  On  closer  investigation,  however, 
these  FlorsB  do  not  possess  one  species  in  common.  Professor 
Schimper  thinks  the  Flora  under  notice  to  be  probably  of  Permian 
age.  Almost  all  the  species  are  identical  with  those  of  Fiinfkirchen 
in  Hungary,  which,  according  to  Prof.  Heer,  are  of  Post-carboni- 
ferous or  Upper  Dyasic  age.  The  branches  and  strobili  of  Voltzia 
JBungarica  prevail  in  number ;  with  them  occur  Baiera  digitata^ 
Heer,  Ullmannia  Bronni^  Heer,  UUm,  Geinitzi,  Carpolithes,  fronds  of 
Ferns,  Calamites  (or  Eqmselites),  Lingula  sp.,  some  few  Fish- 
Bcales,  etc. 

More  or  less  frequent  and  distinct  fragments  of  Voltzia  Hungarica 
have  been  found  at  several  places  in  the  Tyrol,  a  fact  worthy  of  notice, 
as,  at  these  localities,  the  typical  black  Bellerophon-limestones  (re- 
presented near  Neumarkt  by  yellow  dolomitic  rocks)  rest  imme- 
diately on  the  strata  containing  plant-remains.  The  most  frequent 
Foraminifera  in  the  Bellerophon-limestoi^es  are  Cornuspirida,  es- 
pecially a  form  near  Endothyra, 

2.  On  some  Rhatian  Plants  from  Fdlsjdy    South   Sweden. — By  Dr. 

Nathoest. 
(Imp.  Gcol.  Instit.  Vienna,  Meeting  January  23, 1877.) 

Dr.  K.  H.  Nathorst  lately  presented  to  the  Imperial  Geological 
Institute  of  Vienna  a  collection  of  fossil  plants  from  Piilsjd.  The 
Kpecies  represented  in  it  are  —Sjfiropteris,  sp.,  Hhizomopteris  Schenki, 
Nath.,  Cladophlebis  Nebbensis,  Brong.,  Gutlieria  angustiloba,  Presl, 
Dictyophyllum  Muensteri  (Gopp.),  Nath.,  Nilssoni.  Brong.,  Nilssonia 
poiymorphaf  Schk.,  Anomozamites  gracilis,  Nath.,  Podozamites  distans, 
l^resl,  Palissya  Brauni^  Endl.,  Schizolepis  Follini,  Nath.,  Pinites  Lund' 
greniy  Nath.  (a  well-preserved  Sti'obilus),  and  Swedenborgia  cryptO' 
merides,  Nath.  In  a  letter  to  Prof.  D.  Stur,  Dr.  Nathorst  observes 
concerning  these  remains  : — Hhizomopteris  Schenki  is  undoubtedly 
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•w   rhiAnue   of  a   DtctyophyUum,     Denticnlation   is  liable  cq* 
I't^iueiit  of  Vladophlebis  Nebbensts,  as  in  an  Austrian  specnnttiil  li 
C'a*U*uhlebi8.     The  leaves  of  Gutlieria  are  oonstantly  fofiiidiilk|  F 
lUMitication.     Sagenopteris,    Otenopterts,   and   TAi m/eWia  are  ^  ■  " 
irtiw     The  occurrence  of  genuine  Diciyophyflum  Huensieri  siAl' 
Si'ssoni  may  be  doubted,  the  Palsjo  specimens  of  this  last  spM* 
bHving  less  regular  and  shorter  secondary  segments,  although  not  S 
short,  and  broad  as  those  of  J),  aaitiiobum,  Sdienk,  but  perfectly  oat 
ivrdant  with   the  Transsylvaiiian    Campt,    Niissoni,     Perhapi  tk 
Fiilsjo  species  shows  transitions  to  Dictyophylfum  rugosum^  and  A 
Leckenbyi  may  be  admitted  as  a  distinct  species  under  the  name  of 
X>.  polymorphum. 

llie  nerves  of  Nthsonia  polymorpha  are  invariably  simple,  and  tke 
Inmina  covers  completely  the  uppei*  side  of  the  rhac^liis.  In  all  tk 
Fterophylla,  from  the  Trias  up  to  the  Cretaceous,  the  s^ments  aw 
laterally  attached  to  the  rhachis,  not  covering  it  completely,  aod  i 
certain  number  of  nerves  at  the  base  are  dichotomous ;  good  dis- 
tinctive generic  characters.  There  are,  however,  transitional  forms, 
such  as  Pterozamites  Blasii,  Braun.  Cycadites  longifolius,  somewhat 
reminding  us  of  the  Chinese  Taxites  apathdatus,  Newb.,  may  possiblj 
be  a  Conifer.  The  least  frequent  variety  of  Podozamites  distal 
is  the  tyjiical  form,  gcnuina.  Podozamites  ovalis,  Nath.,  may  he  a 
variety  of  Podoz.  distana.  The  Strobili  of  Schizolepis  are  generally 
so  much  worn  by  rolling  that  the  division  of  the  scales  is  indis- 
tinguishable. 

3.  Fossil  Plants  from  Eastern  Siberia,— By  Dr.  St.  T.  Schmalhauses. 

(Imp.  GcK)l.  Inst.  Vienna,  Meeting  of  January  23,  1877. ) 

In  1873,  Mr.  Lopatin,  a  Kussian  Mining  Engineer,  diseovereil 
among  the  pebbles  of  the  River  Ogux  (an  affluent  of  the  Yenisei), 
impressions  and  casts  of  plants  in  fragments  of  sandstone.  The 
species,  as  far  as  they  can  bo  ascertained,  are  : 

Bornia  radiata  (Kronp.).  i  Lcpufixftudron  Wiikiattum^  0.  Ile^T. 

Filicitca  ()yureunis^  Schmalh.  j  Jjtpidostrohus  gracUif^  Schmalh. 

Lcpidodtudron  Velthtiiitinhum^  St.  |  Kn<>rria^  sp. 

Bergcria  rtguiarift^  Schmalh.  !  Cuchstigmo  KVtorkrnsr^  Hausrht, 

„        alternariftj  Schmalh.  Sf igmtuia  ficoidtit^  St. 

The  presence  of  Cyclostigma  Kiltorl-ense  proves  these  remains  to 

have  belonged  to  the  Lower  Carboniferous. 

4.  On  the   Permian  Plants    of  Funfkirchen,    Hungary, — By    Prof. 

0.  Heer. 

(Imp.  Geol.  Inst.  Vienna,  Mooting  of  Januan*  23,  1877.) 

The  species  found  in  this  locality  are : 

B  liter  a  digit  a  ta  (Brou^.) 
Ulmannia  Otifiifziif  Ueer. 
Voltziii.  Hungarica^  lleor. 
„      Bocckintiif,  Heer. 
Sr/t  izofepit  penn  »Vw  «i «,  J  leer. 
CariKtlithes  Ehckeauui  (Gein.).  | 

They  occur  in  shales,  intercalated  between  brownisli,  yellowish- 
grey,  and  occasionally  red  sandstones,  beneath  coarse  Triassic  quartz- 


Carpolithes  Hutimcux,  Heor. 
,,  fifVeolatuA^  Ilecr. 

,,  1-A»(liafiux  (Gein.). 

„  Ub''Ctdroi>l€s^  fleer. 

,,  Geittitziiy  Ileer. 
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conglomerates,  at  the  base  of  the  variegated  sandstones  with 
Myophoria  costata,  being  a  part  of  the  lower  horizon  of  the 
Fiinfkirchen  shelly  limestones.  Nearly  one-half  of  these  species 
are  found  in  the  Copper-shales  of  the  Saxon  cmd  Franconian 
**  Zeohstein."  Ullmannia  Geinitzi  and  its  congener  U.  Brauni  ai*e 
■characteristic  Dyasic  (Permian)  forms.  '  The  specimens  of  Voltzia 
Miingariea,  Hr.,  are  identical  with  Palissya  Brauni  in  the  form  and 
the  distichous  arrangement  of  their  leaves,  and  in  the  form  of  their 
branches,  and  would  find  a  better  place  in  this  genus;  the  forms 
generally  ranked  among  Voltzia  having  no  median  nerve,  and  the 
arrangement  of  their  leavea  being  p<^ystichous.  The  soales  of 
strobili,  possibly  not  connected  with  the  branches  found  here,  stand 
very  near  those  of  Voltzia^ 

5.  On  the  Upper  Tertiary  Plants  of  Sicily, — By  Dr.  H.  Th.  Geyler. 
(Imp.  Geo!.  Instit.  Vienna,  Meeting  of  March  6,  1877.) 

These  plants,  together  with  fossil  Insects,  have  only  been  found 
in  the  lacustrine  gypsum  and  sulphur-bearing  beds  of  the  hill  range 
of  Oannatoue,  north  of  Hacalmuto  and  Grotte,  in  the  Province  of 
Girgenti.  The  species,  denoting  an  earliest  Pliocene  origin,  repre- 
sent the  genera  JSlylomiteSf  Furcellaria,  Algaeites  (?),  Pinus,  Phrag- 
mites,  Poacites,  Fotamogeton,  Palmacites,  Myrica,  Alnua,  Quercus, 
Cinnamomum,  Zaurus  (?),  /Jiospyros  (?),  Celamstrua  (?),  Berchemia, 
JuglanSy  Casalpinia  (?),  Bobinia  (?),  and  Acacia  (?).  Several  of 
them  are  identical  with  those  from  the  Tertiaries  of  CEningen. 

6.  On  the  Arctic  Fossil  Plants.     By  D.  Stub. 
(Imp.   Geol.   Instit.   Vienna,   Meeting  of   March   6th,    1877.) 

Professor  Oswald  Heer  has  lately  published  the  fourth  volume  of 
his  classic  "  Flora  fossilis  arctica,"  in  which  he  treats  of  the  follow- 
ing localities : — 

A.  EoBBRT  Valley,  Eeseabch  Bay,  77^  33'  N.  Lat.,  explored  by 
Prof.  Nordenskiold.  The  species  collected  there  are — Sphenopteris 
frigida  (compare  Sph,  hijida,  Lindl.),  Sph,  geniculatay  Germ.  (Sph. 
sub-geniculata  Stur  (from  the  **Culm  '') y  flexihiliSy  Heer,  Sph,  distnns, 
Stb.  (an  exclusively  "Culmian"  form),  Adianiites  concinnuSy  Goepp. 
{Ad,  tennifolius,  Goepp.,  from  the  "  Culm "),  Ad.  bellidulnsy  Heer 
(compare  Ad,  oblongifolius,  Goepp.,  "Culm"),  StaphylopteriSy  sp. 
(Indusia  only  found  in  the  "Culm"),  Lycopodites  Jiliformis,  Heer, 
Zepidodendron  Stembergiy  Brong.  {Lep.Veliheimianum,  St.,  Gein.),  Lep. 
selaginoides,  St.,  Lepidophyllum  caWcinttrw,  Heer,  Stigmaria  Zindleyana, 
Heer  {Stigm.  in<Bquaiis,  Goepp.),  Sphenophyllum  longifolium  (?), 
Germ.,  Sphenoph,  bifidum,  Heer,  Sphenoph,  subtile  (compare  Sphenoph, 
tenerrimum,  Ett.  sp.,  "Culm  "),  Rhynchogonium  craasirostre  Heer,  Rh. 
costatuMf  Heer,  Bh,  macilentum,  Heer,  Rh.  globosnm,  Heer,  Cordaiteit 
palmaformis  (Goepp.),  Cord. borassifolius  (St,),  C, principalis  {Germ.), 
Walchia  linearifolia,  Goepp.  (compare  W,  antecedens,  Stur),  Sama- 
ropsis  SpitzbergensiSf  Heer,  and  Carpolithes  nitididuSj  Heer.  According 
to  Professor  Heer,  this  Flora  is  Middle  Carboniferous ;  the  Calamites, 
Anntdari(Bf  Asterophyllites,  Neuroptcrida  and  Pecopterida,  wanting  in 
the  above  list  of  species,  may  have  been  overlooked  by  the  collector. 
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Mr.  Star  lemarks  thai  many  of  the  aboTe-namad  plaati  bdoog  ti 
the  '^  Culm  "  series,  or  have,  at  leasts  vary  nearly  relaftad  i 
tives  in  this  horiaon.  The  genoine  £{phaaqifarM  Xninm  m  t 
oharacteristic  fonn  of  the  "  Golm." 

B.  Capc  Bohsm AH.  The  sandstone  and  oarbatiaooowi  bedi  i. 
this  locality,  formerly  thought  to  be  Tertiary,  have  proved  to  be 
Jurassic  ('*  Brown  Jura  " ;  "  Bathonian  "  of  the  EVeora  gedogWi). 
Ten  of  the  thirty-two  species  composing  this  flora  are  known  t» 
exist  in  oUier  Jurassic  localities.  The  most  ramaxkable  fontt  an 
Podozamite$  kmceokUm  (Lindley),  and  Oimko  diffiiaia  (Brong.). 

0.  Gaps  Stabatchin .    A  total  of  19  species  of  Gretaoeoos  fanuL 

D.  Caps  Ltsll,  Soott  Qlaoikb,  and  Caps  Hbsb*  esqpkned  hj 
Prof.  Nordenskidld.  All  these  localities  together  yidd  71  spsew 
of  Miocene  plants.  The  specimens  from  Cape  LyeU  are  beai^Mj 
preserved,  those  of  the  two  other  localities  are  not  in  nearly  so  good 
a  state. 

E.  East  Sibkbia  and  Amoob  Pbovimob,  explored  by  MIL  SohmidI 
and  Qlehn.  The  fossil  plants  of  these  rpgions  are  of  tlie  bigfasit 
interest  for  the  study  of  the  Jurassic  Elora.    The  apeoiea  are: — . 

From  EoMt  Siberia^  GonenmeHt  IrknUks 

ThyrtdpUrU  Mmrtymm  (Brong.) 
■  Mtfkumtu  Hr. 

JHek^OHta  ciavipei,  Hr. 
Atplenium     {DipUzium)      WkHkitnf 

(Brong.) 
— —    ,   var. 


uwmiimmMmm,  Hr* 
Qimko  Sckmidtumm^  Hr. 
— ^^  BAirim^  Ur. 

l^,Hr. 

CztkanowakiM  tttacMt^  Hr. 

rigiitt^  Hr. 

Zeptostrobut  laxtjlora,  Hr. 
Santaroptit  rotundata,  Hr. 

eaudatm,  Hr. 

— ^—  purvula,  Hr. 
Kaidaearpum  Sibirieum^  Hr. 

J-Nioor  Province  : 

I     Thyrtoptirii  pritco^  Eiehw. 
JJickionia  Saportana,  Hr. 
~  aculiloba^  Hr. 


tenuis,  "St. 
Lycopoditei  tenenimuSj  Ur. 
Thyliot/uea  Sibiriea.,  Hr. 
Fhrnnicopsii  angustifolia,  Hr. 
Baiera  loftgifolia  (Brong.) 

Anomotamttet  f^chmidtii,  Hr. 

Fodozamitea  Eiehwaldi^  Sch. 

FhanicopsU  tpeciosa,  Hr. 

Czekanowtkia  setaeea^  Ur.  Aaplenium  speetabiUj  Hr. 

These  Florae,  like  the  scanty  one  of  the  Islet  of  Andoe  on  the 
West  coast  of  Norway  (only  eight  species),  are  characteristio  of  the 
Middle  Brown  Jura  (Bathonian). 


III. — ^Thb  Distribution  of  Cephalopoda  in  the  Uppeb  Cbbtaceocs 

Sbbiks  of  North  Germany.     By  Herr  C.  Sghluteb. 

(Imp.  Geol.  Instit.  Vienna,  Meeting  January  23,  1877.) 

A.  Lower  riiiner  (Genoraanian,  d*Orb.). 

1.  Zone  of  Pictm  osptr,  and  Catopygus  carhiatut, 

2.  Zone  of  Ammonite*  variant  and  HemipneusU*  Gttepenksrli, 

3.  Zone  of  Ammonitei  Rkotomagensis  and  Holatter  subylobotua, 

B.  Upper  Planer  (Turonian,  d'Orb.). 

1.  Zone  of  Actinoeerat  plenum. 

2.  Zone  of  Amman,  nodotoidet  and  Inoeeramus  labiatui. 

3.  Zone  of  Amrnwi.  Wooigari  and  Inoe.  Brongniarti, 

4.  Zone  of  Beterocerat  Retutianum  and  Spondylm  spinonu. 
6,  Zone  of  Inoceramut  Cuvieri  and  Bpiasler  bt'evii. 
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C.  Embser  (analogous  to  the  Alpine  '*  Gosau'*). 

Zone  of  Ammonites  Marga  and  Inoe,  difjtitatut. 

D.  Lower  Senonian. 

1.  Sandy  Marls  of  Recklingbansen,  with  MaraupiUa  omatua, 

2.  Quartzose  beds  of  Haltern,  with  Feelen  murieaitu. 

3.  Calcareons  sandy  beds  of  Diilraen,  with  Seaphitts  binodosut. 

£.  Upper  Senonian  (Coeloptychian  Chalk). 

1.  Zone  of  Beckiia  Scsktlandi. 

2.  Zone  of  Ammonites  Cceefeldensii. 

3.  Zone  of  ^mmon.  Wittekindi  Skud  Heroeeraa  poljfploeum. 

Count  M. 


rV. — ^The  Food  of  a  Siberian  Ehinoceros. 

(Imp.  Geol.  Instit.  Vienna,  January  23,  1877.) 

Dr.  St.  J.  Sehmalhausen  has  microscopically  examined  the 
remnants  of  food  contained  in  the  cavities  of  the  teeth  of  a  North- 
Sibericm  Ehinoceros  {Bh.  antiquitatis)  whose  remains  are  preserved 
in  the  museum  of  Irkutsk.  These  are  remnants  mostly  of  leaves, 
and  of  some  stems,  chiefly  monocotyledonous.  There  are  fragments 
of  grasses,  and  of  small  twigs  of  some  woody  plants,  such  as  Picea 
{obovata7)y  Abies  (Siberica?)^  Larix  (Sifcmca?),  Ephedra,  sp.,  ScHiXt 
sp.  (prevalent),  and  BetvUa  {friuiticosa?).  AH  these  plants  still 
exist  in  high  northern  latitudes,  and  confirm  Brandt's  supposition, 
that  the  Pachyderms  of  North  Siberia  lived  in  the  regions  where 
their  remains,  partly  preserved  by  frost,  are  now  found. — Count  M. 

V. — The  Species  of  Mastodon  in  Europe. 

Herr  M.  Yacek  stated  at  the  meeting  of  the  Imp.  Geol.  Instit. 
Vienna,  February  6,  1877,  that  of  the  seven  species  of  Mastodon 
known  to  exist  in  the  European  Tertiaries,  five  have  been  ascertained 
to  have  lived  within  the  region  of  the  Austro- Hungarian  empire. 
These  are  Mast,  Borsoni^  Mast,  tapirdides^  Mast,  angustidens^  Mast, 
longirostris^  and  Mast.  Arvemensis. 

VI. — On  an  Ossiferous  Cave  in  Thuringia.    By  Dr.  K.  Th.  Liebe. 

(Imp.  Oeol.  Instit.  Vienna,  February  20,  1877.) 
A  small  Bone  Cave  was  discovered  late  in  tlie  autumn  of  1874, 
in  the  Linden  Valley,  South  of  Grera  in  East  Thuringia.  The 
animals  whose  remains  are  found  in  this  cave  (probably  a  Hyasna- 
den,  of  rare  occurrence  in  Germany),  arranged  according  to  their 
relative  frequency,  are,  Eqnus  fossilis,  Hycena  spelaa  (nearly  all  the 
bones  broken  and  evidently  gnawn),  Ehinoceros  tichorhinusy  Bos 
primigenitiSf  TJrsus  spelaiiSf  Felis  spelaa,  Cervus  elaphus,  Cerv.  alces, 
Cerv.  tarandus,  Elephas  primigenius,  Alakdaga  geranus,  Vulpes 
vulgaris,  Canis,  sp.,  Arctomys  marmottaj  Arvicola  gregalis^  Mns 
raitus,  Cervus  capreolus,  Mustela,  sp.,  Lepm,  sp.,  Tetrao  ietrix, 
Pandion  haliaStus,  and  Charadrius,  sp.  The  presence  of  Alakdaga  (a 
species  of  Gerboa),  now  living  in  the  Steppes  of  extreme  East 
Europe,  and  of  Arvicola  gregaHs,  an  inhabitant  of  high  Northern 
latitudes  in  Europe  £md  Asia,  are  specially  worthy  of  notice.     The 
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remains  of  these  two  species  have  also  been  found  by  Dr.  Wehiing 
lanxx  Wester egelt,  associated  with  those  of  fihiiiooero6y  Hone, 
Marmot,  Lemming,  eta 

Split  bones,  worked  fragments  of  horns,  and  flint  Impleaienti 
wore  also  found  in  this  cave.  The  dolomitic  detritoe,  heaped  il 
form  of  a  terrace  before  the  cave,  is  full  of  bone  ^linters  and  broken 
autlors  of  Heindecr,  without  any  traces  of  having  been  gnawed  bj 
n)fieutis. — Count  M.  


L— Tub  Foriminifbiia  of  the  Pliocknb  Beds  of  Bxix^iux.  By 
E.  Van  DEN  Bboegk  and  H.  Miller.  Part  I.  Geological 
AND  Paljsontological  Sketoh  of  the  Pliocene  Dei'OSIts  of 

THE    NeIGUBOUKHOOD    OF    ANTWERP.      Bj   E.   VaNDKN    BbOECK. 

Fasc.    i.      The    Lower    Antwerp    Sands,      pp.     101.    8vo. 
(Brussels.) 

THIS  important  contribution  to  Belgian  geology  is  endorsed 
"  Extracted  fi-om  the  Annals  of  the  Malacological  Society  of 
Belgium,  vol.  ix.  1874,"  but  was  published  separately  late  in  1876. 
It  forms  the  first  instalment  of  a  series  of  publications  in  coarse  of 
preparation,  constituting  a  monograph  of  the  Belgian  Pliocene  Fora- 
minifera.   The  second  instalment  is  on  the  eve  of  publication. 

The  chief  points  to  which  the  author  draws  attention  in  the 
portion  before  us  are : — 1st.  The  conditions  under  which  the  Pliocene 
deposits  of  W.  Europe  were  forn^d ;  and  2nd.  The  alterations  which 
those  deposits  have  sul^seijuently  undergone. 

The  Miocene  Period  is  unrepresented  in  the  Anglo-Belgian  area 
by  any  deposit ;  the  subsidence  of  that  area  initiating  the  Pliocene 
Epoch.  The  gulf  thus  formed  was  partly  occupied  by  mollusca. 
etc.,  migrating  from  the  Vienna  Miocene  Basin  (then  beginning  to 
shallow)  through  Silesia  and  N.W.  Germany. 

The  earliest  deposit  is  characterized  by  Panopoea  Menardi :  it  is  a 
slightly  clayey  sand,  of  a  dark  olive-green  colour  from  the  abundance 
of  glauconite  grains.  The  fauna  denotes  water  of  100  to  200  feet  in 
depth,  about  two-thirds  being  Gasteropods.  Partly  synchronous 
with  the  later  beds  of  this  zone  are  sands  characterized  by  Pectuu- 
cuius  pilosmj  equally  glauconitic  but  less  clayey,  and  with  a  littoral 
fauna,  two-thirds  of  which  are  Lamellibranchs.  Of  slightly  later 
date  are  the  Gravelly  Sands  of  Diest  and  Antwerp,  completing  the 
Lower  Sands  of  Antwerp,  which  have  no  British  equivalent  except 
the  traces  of  questionable  age  on  the  Kentish  Downs.  The  synonymy 
of  this  part  of  the  series  is  treated  at  considerable  length  by  the 
author,  resulting  in  the  following  condensed  statement : — 

Lower  Antwerp  Sands. 

Diestian  System :  Dumont,  1839 ;  Dujardin,  1862 ;  Dewalque,  1SG8. 
Lower  or  Black  Crag  :  Lyell,  1852 ;  Dewael,  18o3. 
Diestian  Sands:  Dewalque,  1868;  Mourlon,  1873;  Cogels,  1874. 
lUaok  Antwerp  and  Edeghem  Sands :  Onialius  d'llalloy,  1862. 
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The  synonymy  of  the  suh-divisions  is  as  follows : 
.^anopcBa  Menardi  Sands  :  (Blaok)  Edeghem  Sands. 
uPeetunculus  piiosus  Sands  :   Shelly  glauoonitic  Sands,  Dumont  and 
Dewael ;  Blaok  Sands  of  Fort  Herenthals,  Nyst,  1843 ;  Blaok  or 
Lower  Antwerp   Crag,   Lyell  and  Dewael :    Black  Antwerp 
Sands,  OmaUus  d'Halloy,  Dujardin,  and  Mourlon. 

Gravelly  Sands  of  Antwebp  and  Dikst. 

<3reen  Sand,  Dujardin,  Mourlon,  and  Oogels ;  Diestian  System, 
Glauconitio  Diestian  Sand,  Ferruginous  Sand  and  Orit,  Dumont; 
Diest  Sands,  Omalius  d'Halloy,  d'Arohiao,  Lyell,  Dewsdque, 
and  Mourlon. 

Throughout  the  formation  of  this  series  subsidence  was  going  on 
'to  the  N.W.  and  emergence  to  the  S.E.,  so  that  each  zone  overlaps 
the  N.W.  edge  of  its  predecessor,  but  does  not  reach  its  S.E.  border. 

The  Middle  and  Upper  Antwerp  Sands  (corresponding  to  the 
English  Coralline  and  Bed  Crags  respectively)  follow,  and  will  be 
described  in  a  future  memoir. 

As  against  the  placing  of  the  Lower  Sands  in  the  Miocene  or 
terming  them  Diestian,  it  is  urged  that  the  break  between  the 
Oligooene  or  L.  Miocene  and  the  Lower  Sands  is  greater  than  any 
break  in  the  whole  Antwerp  Series,  and  the  principal  break  in 
the  latter  is  between  the  Middle  and  Upper  divisions,  both  ad- 
mittedly Pliocene  (Scaldisian).* 

Lists  of  fossils  of  the  Lower  Sands  are  given,  relative  abundance, 
range,  etc.,  being  shown.  With  a  caution  as  to  the  effect  of  bathymetric 
differences  and  the  incompleteness  of  our  knowledge  of  the  existing 
fauna,  the  relative  numbers  of  extinct  and  recent  species  are  stated 
to  be  as  follows:  Fanopcsa  Menardi  zone  44  per  cent  recent; 
Fectuncvlus  piiosus  zone  51  per  cent,  recent,  or  on  the  average  47 
per  cent  for  the  whole.  47  per  cent^  occur  in  the  English  Coralline 
Crag,  and  51  per  cent,  in  the  English  Crags  generally. 

The  Lower  Sands  range  from  N.  France  into  Holland  and  N.W. 
Germany,  but  there  is  no  evidence  that  they  ever  extended  into 
England,  as  the  pebbles  of  rock  of  that  age  in  the  Basement  Beds 
of  the  Coralline  and  Red  Crags  may  have  been  derived  from  the 
Belgian  area.  Traces  of  the  Gravelly  Sands  occur  on  the  Kentish 
Downs  (these  are  regarded  by  Mr.  Whitaker  as  probably  Eocene,  see 
Mem,  London  Basin,  p.  336). 

Errors  have  arisen  from  the  alteration  of  the  glauconite  in  these 
beds,  and  from  the  removal  of  the  shells  by  percolating  waters,  an 
important  discovery  made  independently  by  English  and  Belgian 
observers  in  1876.  The  shells  are  first  rendered  friable  and  then 
completely  removed  by  carbonated  waters  (occasionally  leaving 
impressions  £uid  casts),  whilst  the  glauconite  is  decomposed  first  into 
p.ile-green  protoxide,  and  finally  into  deep  red-brown  peroxide  of 

^  A  triml  objection  is  made  to  the  ose  of  the  term  Black  Crag,  that  the  deposit  is 
unrepresented  in  England,  and  is  therefore  not  Crag.  But  by  use  and  wont  **  Crag" 
is  all  but  synonymous  with  Pliocene,  and  similar  exception  mi&;ht  be  taken  in  erery 
case  where  a  foreign  series  bears  the  name  of  its  less-developea^ri^V  ^^^^i^si^ 
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iron.^  The  altered  poitionB  are  sometimes  separated  by  ft  shnplai 
from,  at  other  times  grailiiate  imperoeptibly  into,  the  mudtarad.  Tb 
nnfoseiliferous  ferruginous  or  pale-green  part  of  siioh  bedslissMt 
seldom  been  separated  fh)m  the  unaltered  part  as  a  posterior  ftm- 
tion,  whilst  the  irregularity  of  the  line  of  junction  (doe  to  TaiTOf 
porosity  or  to  the  preeenoe  of  proteding  beds  of  olay),  has  hm 
described  as  proof  of  unoonformity  between  the  two  series.   WJUl 

n. — A  Text-Book  of  Minrealoot,  with  ah  ExmrncD  T^XAns 
ON  Ckystalloobafht  ahd  Phtbioal  Hinsralogt.  By  Edwa» 
S.  Dana.  On  the  Plan  and  with  the  Co-operation  of  Prof  Jasb 
D.  Dana.  Witb  upwards  of  800  Woodouts  and  one  Ookmd 
Plate.  8Ya  pp.  485.  (New  York,  Jobn  Wiley  A  Soh; 
London,  Trubner  &  Co.,  1877). 

AMONG  the  various  writers  who  have  oontribnted  systemstie 
works,  text-books  and  ^ides,  to  the  sdenoe  of  Minendogf, 
no  author  so  richly  deserves  the  thanks  of  English  students  of  thii 
branch  of  study  as  Professor  James  D.  Dana,  of  Tale  Ccdlege,  New- 
haven,  Ct.,  n.S.A.,  the  father  of  Mr.  Edward  S.  Dana,  the  editor  sod 
part  author  of  the  volume  before  us.  When  it  is  borne  in  mind  ibit 
the  first  edition  of  "A  System  of  Mineralogy,"  by  James  D.  Dana, 
appeared  as  long  ago  as  the  year  1887,  and  that  the  Jifth  and  last 
edition  appeared  in  1868,  it  will,  we  think,  be  readily  oonceded  that 
we  owe  to  Prof.  Dana  a  vast  obligation  for  his  valnable  services  to 
miueralogical  science.  Nor  have  these  several  editions  been,  as  is  too 
often  the  case,  merely  reprints  slightly  modified  and  corrected ;  but 
in  great  part  they  have  been  re- written  and  largely  increased  in  extent 
of  contents ;  so  much  was  this  the  case  that  in  the  1868  edition  it 
was  found  necessary  to  greatly  abbreviate  the  introductory  chapters 
on  chemical  and  determinative  mineralogy,  the  great  feature  of  the 
fifth  edition  being  the  descriptive  portion ^  which  still  remains  un- 
equalled by  any  work  on  this  subject  in  the  English  language. 
The  great  demand  for  Dana's  System  of  Mineralogy  led  its  author  to 
undertake,  in  1868,  the  preparation  of  a  "Text-Book  of  Mineralogy '': 
but  the  state  of  Prof.  Dana's  health  however  early  compelled  him  to 
relinquish  the  work,  and  he  was  not  able  subsequently  to  resume  it 

Finally,  after  the  lapse  of  seven  years,  the  editorship  of  the  volume 
was  placed  in  the  hands  of  Prof.  Dana's  son,  Mr.  Edward  Salisbury 
Dana,  who  has  with  great  care  endeavoured  to  carry  out  his  father*s 
original  plan. 

The  work  has  been  arranged  with  a  view  to  meet  the  requirements 
of  class  instructioEf.  With  this  object  in  view  the  descriptive  part 
has  been  made  subordinate  to  the  more  important  subjects  embraced 
under  Physical  Mineralogy.  Thus  the  Text- Book  now  issued  forms 
a  companion  volume  to  the  fifth  edition  of  the  System  of  Mineralogy 
published  in  1868,  rather  than  as  superseding  it. 

The  Crystallography  is  presented  after  the  methods  of  Naiimann ; 

^  The  Red  Crag  of  Suffolk  and  the  yellow  flagstones  of  the  Carhoniferoiis  Roctu 
are,  in  certain  cases  of  protection  firom  oxidation  of  their  contained  iron,  of  a  greyish- 
blue  colour. 
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his  system  being  moait  easily  understood  by  banners,  and  most 
convenient  for  giving  a  general  knowledge  of  the  principles  of  the 
science. 

For  use  in  calculations  it  is,  however,  much  less  satisfactory  than 
the  method  of  Miller,  and  a  concise  exposition  of  Miller's  system 
bas  therefore  been  added  in  Appendix  "  A." 

The  chapter  on  the  physical  characters  of  minerals  has  been 
expanded  to  a  considerable  length,  especially  as  regards  their  optical 
properties,  but  not  more  so  than  was  absolutely  neoessary  in  order 
to  make  clearly  intelligible  the  practical  application  of  the  principles 
of  optics  to  the  study  of  crystals. 

The  descriptive  part,  which,  as  alraady  stated,  has  been  made 
subordinate  to  that  of  physical  mineralogy,  is  identical  in  general 
arrangement  with  that  of  Dana's  "  System  of  Mineralogy,"  to  which 
reference  must  still  be  made  for  fuller  descriptions  of  many  un- 
certain species  and  varieties  with  descriptions  of  localities  and 
methods  of  occurrence. 

A  large  part  of  the  figures  are  reproduced  from  Dana's  System  of 
Mineralogy ;  but  200  are  new  to  this  work,  and  greatly  enhance  its 
interest  and  usefulness  to  the  student. 

The  chemical  formulie  given  in  the  6th  edition  of  the  System  of 
Mineralogy  are  only  in  part  those  of  modem  chemistry,  but  those 
of  the  present  work  are  imiformly  in  modem  notation. 

In  addition  to  Appendix  "A,"  treating  of  Miller's  Crystallography, 
we  have  in  Appendix  "B"  a  most  important  chapter  on  the  draw- 
ing of  figures  of  crystals,  and  "  C,"  a  series  of  Tables  to  be  used 
in  the  determination  of  minerals,  whilst  "D"  is  a  Catalogue  of 
American  localities  of  minerals  essentially  the  same  as  that  con- 
tained in  the  last  edition  of  the  "  System,"  but  with  considerable 
additions  derived  from  various  printed  sources  and  from  private 
communications. 

The  book  is  one  which  reflects  great  credit  on  its  authors,  and 
cannot  fail  to  prove  a  most  acceptable  addition  to  our  series  of 
higher  text-books,  for  which  no  doubt  there  will  be  as  great  a 
demand  as  for  the  several  editions  of  Dana's  System  of  Mineralogy. 

T.  D. 


Geological  Society  of  London. — I. — May  23,  1877, — Professor 
P.  Martin  Duncan,  M.B.,  F.R.S.,  President,  in  the  Chair. 

The  President  read  a  letter  from  C.  J.  Lambert,  Esq.,  announcing 
that  his  father,  the  late  C.  Lambert,  Esq.,  F.G.S.,  had  left  by  will 
the  sum  of  £25,000  to  be  distributed  in  gratuities  to  persons  in  his 
employ,  and  in  gifts  to  scientific  societies.  The  distribution  of  this 
amount  was  left  to  the  judgment  of  Mr.  C.  J.  Lambert,  who  allotted 
the  sum  of  £500  to  the  Gfeological  Society.  The  President  further 
announced  that  the  sum  of  £500  had  already  been  paid  to  the 
Society,  and  would  be  invested  for  its  benefit. 

The  President  also  announced  that  a  letter  had  been  reodvod  fso^o^ 


£teport8  and  ProeeedmffM — 

Ootmt  Qm^Um  de  Sipoitm  F.O.G.S.,  exprosaiiig  the  hope  that  Fettows 

of  the  3«it<j  wtmUt  attend  the  meeting  of  the  French  Aaaooutum 

for  the  Advancement  of  Soienoe,  which  will  be  held  in  Angntt  neit 

te  Hm^    Obont  de  Sqporta  stated  that  any  Fellows  attmding  the 

Meetinic  will  he  exceedingly  welcome,  and  that  any  who  will  tend 

wofd  iiK»TioQsty  of  Uieir  mtention  to  come  will  meet  with  a  mott 

^CfMd  noeptioa.    In  connexion  with  this  it  waa  farther  annoonoed 

Aa^ttoooiding  toiaoircnlar  from  the  Geological  Society  of  Normandy, 

^^  SooieCy  propoeei,  daring  the  meeting  of  the  Aaaociation,  to  hold 

a  Oeologioal  Bzpoaition,  intended  as  preliminaiy  to  that  to  be  held 

in  Ftoia  next  year,  and  that  it  invitee  co-operation. 

The  fbUowing  commanications  were  read ; — 

1«  <*BemazkB  on  the   Goal-bearing    Deposits  near   Brekli»  the 

^aoieiit  Hendea,  Pontos-Bithynia."     By  Bear-Admiral  T.  A.  R 

Spt^  aB.,  F.B.8.,  F.G.8. 

In  this  paper  the  aathor  described  the  oocorrence  of  trae  Coal- 
measares  near  Erekli,  on  the  north  coast  of  Asia  Minor,  firom 
iilMorrations  made  by  him  when  on  service  in  the  Black  Sea  in  1854. 
1%e  ooal  was  obtained  near  Eosloo,  aboat  30  miles  east  of  Erekli, 
where  it  cropped  oat  on  the  sides  of  a  valley,  and  was  woxked  by 
iMivtaontal  drifts.  The  district  was  much  disturbed  by  faolta,  and 
the  workings  conld  only  be  driven  from  100  to  400  yards  into  the 
hilL  In  the  eastern  ridge  bounding  the  valley  of  Eosloo  there  were 
]1  or  12  seams  of  coal  of  different  thicknesses  in  a  distance  from 
K.  to  8.  of  about  2  miles,  one  of  them  being  about  18  feet  thick, 
and  the  best  coal  forming  a  seam  of  4  ft.  10  in.  The  seams  dipped 
8.E.  about  26^  They  were  interstratified  with  shales,  sandstones, 
and  conglomerates  of  quartz-pebbles,  and  occasionally  with  thm 
bands  of  clay  and  ironstone.  From  some  of  the  seams  the  author 
obtained  fossil  remains  of  plants,  which  sufficiently  prove  that  these 
coals  belong  to  the  Carboniferous  period.  They  include,  according 
to  Mr.  Etheridge,  species  of  Lepidodendron,  Lrpidostrohus,  Calamites, 
Peeopteri8f  Sphenopterta,  Neuropteris  (?),  Sigillaria,  Stigmariaj  Glos- 
Bopteria  (?),  and  Sphenophyllum.  The  author  also  noticed  several 
other  localities  in  the  immediate  neighbourhood  where  coal  was 
known  to  exist  under  somewhat  similar  conditions.  He  also  referred 
to  the  geology  of  Erekli  itself,  and  noticed  especially  the  occurrence 
of  patches  of  more  or  less  altered  shales  and  marls,  probably  of 
middle  Tertiary  age,  overlying  the  igneous  rocks  of  which  the 
country  consists. 

2.  **  On  the  Structure  and  Affinities  of  the  Genus  Siphonia.**    By 
W.  J.  Bellas,  Esq.,  B.A.,  F.G.S. 

This  paper  contained,  first,  a  full  account  of  the  history  of  the 
genus  Siphonia,  including  a  complete  list  of  its  described  species, 
and,  next,  a  description  of  its  general  and  minute  structure.  Its 
skeletal  network  was  shown  to  consist  of  spicular  elements  belonging 
to  the  Lithistid  type  of  sponges,  and  most  closely  allied  in  generic 
details  to  the  recent  form  XHseodermia  polydiacus.  Not  only  in  this 
jQT  but  in  every  other,  Siphonia  was  shown  to  approach  Disco- 
M  closely  as  to  be  almost  identical  with  it. 
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The  mineral  replaoements  which  have  aflfeoted  the  silioeous 
skeleton  of  Siphonia  were  then  oonsidered :  in  specimens  preserved 
in  phosphate  of  lime  from  the  Gault  of  Folkestone  the  spicules 
have  undergone  a  replacement  hy  calcic  carbonate,  while  those  from 
the  greensand  of  Haldon  and  other  localities  still  possess  a  siliceous 
composition,  though  the  interior  of  the  spicules  has  been  dissolved 
away  so  as  to  •enlarge  the  axial  quadriradiate  canal  to  a  surprising 
extent;  and  the  silica  so  dissolved  has  been  re-deposited  on  thd 
exterior  of  the  spicule,  so  as  to  fill  up  the  interstices  of  the  net- 
work, and  in  some  cases  the  cavities  of  the  canal  system  of  the 
Bponge.  Thus,  to  some  slight  extent^  these  specimens  may  be  said 
to  have  fossilized  themselves. 

Choanites  was  shown  to  be  the  deep-sea  form  of  Siphonia,  the 
latter  characterizing  GrecMsand  deposits,  which  were  laid  down 
in  depths  corresponding  to  those  in  which  existing  Lithistids  now 
flourish,  while  the  former  is  characteristic  of  the  chcdk  which  was 
deposited  in  a  deeper  sea. 

The  paper  concluded  with  a  systematic  description  of  the  genus. 

3.  ''On  the  Serpentine  and  Associated  Bocks  of  the  Lizard  Dis- 
trict" By  Bev.  T.  G.  Bonney,  M.A.,  F.G.S.,  Fellow  and  late  Tutor 
of  St  John's  College,  Cambridge. 

The  author  stated  that  considerable  doubt  appeared  still  to  exist 
as  to  the  true  relations  of  the  Lizard  serpentine  and  the  associated 
hornblende  schists ;  and  as  to  the  origin  of  the  serpentine.  He  had 
carefully  examined  all  the  junctions  accessible  on  the  Cornish  coast 
(inland  they  are  generally  obscured).  Some  of  them  are  concealed 
by  debris,  etc. ;  but  the  majority  prove  beyond  doubt  that  the  ser- 
pentine is  intrusive.  Further,  almost  everywhere  large  fragments 
of  hornblende  schist  are  caught  up  and  included  in  the  serpentine. 

Besides  the  serpentine  there  is  a  large  mass  of  gabbro  at  Crousa 
Down,  and  many  dykes  and  veins  along  the  east  coast  almost  to 
the  extremity  of  the  serpentine  region.  At  Coverack  Cove,  near 
the  above  mass,  are  gabbros  of  two  ages,  the  older  much  resembling 
a  kind  of  troktolite.  On  microscopic  examination  it  proves  to  be 
chiefly  plagioclase  felspar,  augitic  minerals  (including  diallage), 
and  olivine  partially  converted  into  serpentine.  There  is  a  red  and 
a  green  variety.  The  newer,  a  coarser  variety,  appears  to  be  of  the 
same  age  as  the  other  veins  on  the  coast,  and  connected  with  the 
main  mass.  Some  remarkable  changes  have  taken  place  in  this 
also.  In  certain  places  it  exhibits  a  separation  of  its  mineral  con- 
stituents, causing  it  to  resemble  a  foliated  rock.  This  is  proved  to 
be  due  to  pressure  at  right  angles  to  the  structure.  The  minerals 
also  are  often  changed.  The  felspar  is  replaced  by  a  white  granular 
mineral  resembling  saussurite;  the  diallage  (which  occurs  some- 
times in  very  large  crystals)  is  often  partially,  or  even  wholly, 
converted  into  rather  minute  crystalline  hornblende.  In  these 
specimens  there  is  no  olivine  to  be  distinguished.  The  great  mass, 
however,  is  rich  in  olivine,  yet  a  weathered  specimen  from  it, 
resembling  in  aspect  tiie  gabbro  of  the  veins,  does  not  show  olivine. 
Hence  the  author  believes  that  in  certain  cases  th^  olvsiu^^  vci%\a^\ 
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of  being  converted  into  lerpeotine,  aids  in  fonning  the  hombleDde. 
Further,  there  are  dykes  and  yeina  over  the  same  az«a  of  a  dtilc 
trapw  Some  of  these  are  aagitio,  others  homblendia  The  author 
believes  that  at  any  rate  in  oertain  of  these  the  homUende  is  of 
seoondaiy  formation.  On  the  west  ooast  are  veins  of  gpranite;  thon 
on  the  east  ooast,  said  to  be  granite,  prove,  on  carefkil  examinatioa, 
to  be  altered  rook,  remarkably  like  granite  veins,  but  not  really  sooL 

In  discussing  the  origin  of  the  serpentine^  the  author  oalled  attMi- 
tion  to  a  structure  oommonly  seen,  which  appeared  to  be  a  tmo 
"fluidal  structure.'*  He  then  described  the  result  of  miorosooiNo 
examination  of  many  specimens  of  the  Lixard  and  some  other  snt- 
pentines.  Commencing  with  slightly  altered  Lhenolite  (from  die 
Ari6ge),  be  traced  the  change  through  the  older  gabbro  of  Covenok 
to  the  serpentine  rook  of  that  place,  which  contains  a  large  quantity 
of  unaltered  olivine;  and  so  to  other  serpentines  in  which  tho 
olivine  is  quite  replaced  by  the  mineral  serpentinCb  He  described 
also  the  mode  of  the  change.  The  other  minerals  found  in  the 
serpentine  rock  are  enstatite,  varieties  of  augite,  and  oooaaionally  a 
fair  quantity  of  piootite,  with,  of  course,  oxides  of  iron.  Hence  he 
oonoluded  that,  as  had  been  already  shown  as  regards  some  other 
serpentines,  that  of  the  Lizard  was  the  result  of  the  hydrous  altera- 
tion of  an  olivine  rook,  such  as  Lherzolite. 

4b  "  On  certain  ancient  Devitrified  Pitohstones  and  Ferlites  from 
the  Lower  Silurian  District  of  Shropshire."  By  S.  Allport,  Esq^ 
F.G.S. 

In  this  paper  the  author  described  a  series  of  ancient  vitreous  and 
semi  vitreous  lavas,  with  their  associated  agglomerates  and  aslie?, 
constituting  the  ridge  of  Ercal  Hill,  Lawrence  Hill,  and  the  Wrekin, 
and  the  low  ridge  parallel  to  this  to  the  west,  both  of  which  are 
marked  as  **  greenstone "  on  the  Greological  Survey  Map.  Their 
composition  and  structure  show  them  to  have  been  originally 
identical  with  some  of  the  glassy  volcanic  rocks  ejected  during  the 
most  recent  geological  periods.  After  noticing  the  geological  rela- 
tions of  these  rocks,  the  author  described  the  structure  of  modem 
perlitic  and  spherulitio  rocks,  and  |x>inted  out  that  the  spheroidal 
balls  which  characterize  them  are  produced  by  a  process  of  more  or 
less  concentric  cracking  during  Uie  contraction  of  the  mass  after 
it  has  been  solidified.  He  then  indicated  the  characters  of  tlie 
ancient  rocks  of  the  Lower  Silurian  district  of  Shropshire,  and 
showed  their  identity  of  structure  with  the  modem  spherulitio 
pitchstones  and  periites ;  he  also  noticed  that  in  some  instances  they 
had  become  devitrified.  As  the  result  of  his  investigation,  he  says 
that  the  structure  of  these  rocks  proves  their  original  vitreous 
condition ;  for  the  perlitic  and  spherulitic  formations,  with  their 
associated  niicroliths,  are  only  observed  in  connexion  with  the 
obsidian  or  pitchstone  veirieties  of  volcanic  glass;  and  that  in  the 
older  as  in  the  younger  series  there  is  the  same  gradation  between 
the  vitreous  and  stony  varieties. 

ll.-^une  6th,  1877.— Prof.  P.  Martin  Duncan,  M.B.,  F.RS., 
President,  in  the  Chair.  —The  following  communications  were  read : — 
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1.  ''On  the  Bank  and  AfiGlnities  in  the  BeptUian  Class  of  the 
Mosasannda,  Gervais."    By  Prof.  B.  Owen,  C.B.,  F.B.S.,  F.G.S. 

The  author  stated  that  while  the  Mosasaurians  had  heen  originally 
referred  to  the  Cetacea  by  Camper,  then  to  Crocodilia  by  Faujas  de 
St.  Fond,  and  to  the  Lacertilia  by  Cuvier,  Prof.  Cope  had  recently 
thought  he  recognized  in  them  Ophidian  affinities,  spoken  of  them  as 
•*  sea-serpents,"  and  formed  of  them  an  order  called  Pythonomorpha. 
He  then  discussed  in  detail  the  yarious  characters  presented  by  the 
remains  of  these  animals,  and  arrived  at  the  following  conclusions  : 
In  the  single  occipital  condyle  and  the  composite  structure  of  the 
mandible  the  Mosasaurians  are  Beptilian,  as  also  in  their  procoelian 
vertebr» ;  in  the  double  occipital  hypapophyses,  the  bifurcate  and 
perforate  parietal,  the  presence  of  the  "  columella,"  the  composite 
formation  of  the  suspensory  joint  of  the  tympanic  and  in  the  type  of 
the  tympanic,  the  frame  of  the  parial  nostrils  and  the  structure  and 
attachment  of  the  teeth,  they  are  Laoertian.     In  one  special  dental 
modification  they  are  Iguanian,  in  another   Monitorial,  and  their 
special  group  characters  consist  in  the  more  extensive  fixation  of  the 
pterygoids  and  ossification  of  the  roof  of  the  mouth,  the  large  pro- 
portion of  the  vertebral  column  devoid  of  zygapophyses,  the  con- 
fluence of  the  haemal  arch  with  the  centrum  in  ceitain  of  the  caudal 
vertebras,  and  the  natatory  character  of  the  fore  and  hind  limbs. 
These  distinctive  characters   did   not  appear  to  the  author  to  be 
sufficient  for  ordinal  rank,  and  with  P.  Gervdis  he  regarded  the 
Mosasauridse  as  a  family  of  Lacertilia  equivalent  to  the  Ig^anodon- 
tidae  and   Megalosauridas    in    the    order    Dinosauria.     The  order 
Lacertilia  among  Reptiles,  being  equivalent  to  the  order  Carnivora 
or  FeraB  among  Mammals,  the  Mosasaurians  would  be  the  equivalents 
of  the  Seals  in  the  latter. 

2.  "  Note  on  the  Occurrence  of  the  Bemains  of  Hyanaretos  in  the 
Bed  Crag  of  Suffolk."    By  Prof.  Wm.  Henry  Flower,  F.RS.,  F.G.S. 

The  traces  of  Hyanarctos  described  by  the  author  in  this  paper 
consist  of  a  right  and  a  left  first  upper  molar,  which  were  obtained 
from  the  Bed  Crag  of  Waldringfield,  and  are  so  much  alike,  that 
but  for  the  former  being  rather  more  worn  they  might  have  belonged 
to  the  same  animal.  On  comparison  these  teeth  were  found  to  show 
no  appreciable  difference  from  the  corresponding  teeth  of  the  oiiginal 
specimen  of  Hyanarctos  sivalensis  from  the  Sewalik  Hills,  and 
hence  the  author  did  not  venture  to  regard  them  as  representing  a 
species  distinct  from  the  Indian  one.  The  author  discussed  the 
synonymy  of  this  species,  which  was  first  described  by  Falconer  and 
Cautley,  in  1836,  under  the  name  of  Ursus  sivaknsia.  The  genus 
Agriotherium  was  established  for  it  by  Wagner  in  1837,  and  the 
names  Amphiarctos  and  Sivalarctos  were  given  to  the  genus  by 
Blainville  in  1841 ;  but  Falconer  and  Cautley 's  name  Syc^narctos, 
although  certainly  of  later  date,  has  been  generally  adopted.  Be- 
mains of  the  genus  have  been  found  in  the  Pliocene  marine  sands 
of  Montpellier  (-S".  insignis,  Gerv.),  and  in  Miocene  beds  at  Sansans 
(H,  hemicyon),  and  at  Alcoy,  in  Spain.  A  nearly  perfect  mandible 
of  JJ.  sivalemis  has  recently  been  obtained  in  its  original  locality  Vs^ 
Mr.  Theobald. 


334  Rtpwts  and  Proctedings, 

3.  '-On    tlie   RpmainB  of  Ilyptodon,  I'ortkeus,  and  It 
from   Briiisli  CrelAceou«  Btrata.  with  descriptioos  of  new  spuam,' 
By  E.  Tullny  Xewion.  Eeq..  F.ii.S.,  of  H.M.  Gwloglcal  Survey. 

Umixodoa  leweslenaii,  OB  eeteblished  by  Agamx  in  tlie  •'  P<d««n>l 
Fossilos,"  it  nppenrs,  includes  two  forma  wliioh  wre  generioalt; 
distinct,  and  the  author  felt  juetified  in  adopting  Prof,  tape's  »ig- 
gestinn  for  their  separation.  It  is  proposed  to  reti^n  the  abon 
name  for  t!ie  specimen  upon  which  tbe  genna  and  epeciea  was  rwUj 
founded,  and  to  refer  to  the  genus  Portheut  (Cope),  the  apper  j»w, 
witli  large  irreguliir  teeth,  which  Lad  already  been  described  br 
Dr.  Mantell  in  182_'  as  "an  unknown  fish."  To  this  tbe  specific 
name  of  P.  }fanleUii  is  to  be  given.  Another  masillaiy  bone  from 
the  Lower  Chalk,  characterized  bj  its  grsoter  proportionate  de^li, 
Bnd  the  convexity  of  its  dentary  border,  as  well  aa  by  the  mon 
eqnnl  size  of  its  teeth,  it  ia  proposed  to  uams  P.  Datieati. 

A  very  fine  specimen  from  the  Oanlt  belonging  to  this  «aine 
genus  was  described  in  detail.  This  fish  is  chiaely  itlJied  1«  P.  lalni 
(Cope),  hilt  differs  in  the  form  of  ita  maxilla  and  premaxilln,  and  it 
ohielly  remarkable  for  the  peculiar  inourviug  of  the  points  of  tlie 
mandibular  teeth.  Tbe  parts  of  this  specimen  which  are  preMrwd 
are — both  upper  and  lower  jaws,  pstta  of  the  palato-qnAdraI«  aiQ^ 
of  the  hyoid  bones,  ethnioi<laI  region,  brain  case,  etc.  Pnrthcui 
gaiillinuii  is  the  name  suggested  for  this  species. 

Hijpaodon  minor  {Egerton},  figured  in  Dixon's  "Fossils  of  Sussex," 
will  now,  it  ia  thought,  ou  account  of  the  regularity  of  its  teeth, 
have  to  be  placed  in  the  genus  lehtht/nilectei  (Cope). 

Anuther  small  mandible  iVom  the  Lower  Chalk  of  Dorking,  wliich 
is    liisiiugiiished    by  tlie  regularity  of   its  slender,   incurved,   and 
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m  one  horizon ;  the  slate  breccias  of  Blores  Hill,  Bradgate, 
verscroft  Mill,  Markfield,  Bardon,  and  High  Towers,  a  second ; 
3  coarse  ash-beds  of  Benscliff,  Chitterman  Hill,  Timberwood  Hill, 
d  the  Monastery,  a  third ;  and  the  quartzose  rocks  of  Charley 
ood,  Charley,  the  Old  Reservoir,  and  Blackbrook,  a  fourth. 
Hence  they  showed  that  the  beds  are  considerably  dislocated  near 
3  Syenites,  which  removes  the  main  objection  which  previous 
'iters  have  urged  against  these  being  intrusive ;  and  they  described 
3  evidence  they  have  obtained  as  to  this  being  their  real  nature. 
lis  evidence  included  the  description  of  actual  contacts  of  igneous 
d  sedimentary  rock  seen  at  two  points  in  the  wood  south  of 
-adgate  House,  and  at  a  third  in  Bradgate  Park. 
They  propose,  in  a  continuation  of  the  paper,  to  touch  upon  the 
ults,  and  to  describe  in  greater  detail  the  microscopic  structure  of 
3  rocks. 


THE  NOEFOLK  FOEEST  BED. 

Sir, — At  your  request,  I  gladly  furnish  you  with  all  the  informa- 
n  I  can  respecting  the  stools  of  trees  being  found,  in  8M,  where 
-y  grew  in  the  Forest-bed  on  the  eastern  coast  I  have  repeatedly 
n  them  at  Happisburgh,  and  once  in  the  company  of  Professor 
igwick  and  of  Professor  Harry  Seeley,  who,  at  a  meeting  of  the 
ological  Society  in  1876,  gave  a  vivid  description  of  the  appear- 
3e  of  the  stools  of  trees,  and  of  the  gratification  which  Professor 
3gwick  expressed  on  seeing  them. 

L  have  also  seen  them,  tn  «i7u,  at  Bacton,  on  a  recent  excursion  of 
'eral  of  the  members  of  the  Norwich  Geological  Society,  by  whom 
)  stool  in  particular,  which  grew  out  of  the  blue  clay  of  the  soil 
the  forest,  was  examined,  and  ascertained  to  be  rooted  in  its 
ive  soil. 

)n  the  excursion  to  Cromer  of  the  members  of  the  British  Asso- 
ion  in  18G8,  the  company  assembled  on  the  beach  at  Overstrand, 
he  spot  where  the  stool  of  a  tree  stood  on  the  soil  of  the  forest. 
jcr  invited,  I  endeavoured  to  explain  that  the  trees  grew  on  the 
arine  soil,  in  which  the  bones  of  the  Elephas  meridionalia  were 
ciated  with  Cetacean  remains,  after  it  was  raised  above  the 
ace ;  and  that  then  the  growth  of  the  forest  commenced,  of  which 
Elephas  anttqutis  was  the  typical  mammal.  This  stool  was  dug 
,y  the  direction  of  Lady  Buxton,  vho  placed  it,  where  it  now  is, 
^e  Norwich  Museum.  Mr.  Reeve,  the  Curator,  says  that  one  of 
roots  was  about  four  feet  long,  and  he  was  obliged  to  have  it 
tencd  to  get  it  into  its  case. 

le  above  mentioned  are  the  principal  places  where  remnants  of 

b\>re6t-bed  have  survived  its  general  destruction  and  denudation 

Kessino-land  in  Suffolk  to  Kunton  in  Norfolk  beyond  Cromer. 

^  trees  were  torn  up,  and  together  with  fossil  remains  were  re- 

isited  in  the  laminated  beds  above ;  and  hence  it  is,  no  doubt, 

few  of  the  trees,  or  rather  of  the  roots  and  stumps,  are  to  be 

^at  present  in  aid,  in  proportion  to  the  dArw.    ^\i^  wA^\^^> 
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however,  of  the  late  Samnel  Woodwacd,  who  may  truly  be  Milli 
be  the  lather  of  Geology  in  the  eastern  oountiea,  and  whoee  nMnny ' 
I  honour  as  my  preoeptor ;  of  Sir  C.  LyeU  and  Mr.  Symonda,  late  if 
Cromer;  of  B.  Taylor,  author  of  "The  Geology  of  East  Norfolk;"  nl 
of  the  Bev.  Charles  Green,  author  of  *'  The  Geology  of  Bacton  "  (pi|e 
69),  is  so  direot  that  it  would  be  a  waste  of  time  to  add  move.  Ai« 
question  has  been  raised  by  Mr.  Norton  as  to  the  validity  of  Ik 
evidenoe  of  Sir  C.  Ljrell,  and  also  of  Mr.  Symonds,  I  will  mentiai 
an  incident  which  ooouned  at  Cromer  in  1862.  I  had  the  grstifi» 
tion  to  accompany  Sir  Charles,  together  with  Sir  J.  D.  Hooker  aai 
the  late  Mr.  King,  of  Siolingham  Bectoiy,  to  the  Hotel  dea  Baim  fk 
Cromer ;  and  in  the  evening  Sir  Charles  requested  Mr.  Symondi  to 
join  our  party.  The  conversation  turned  on  the  Foreat-bed,  and  Ml 
Symonds  mentioned  that  he  had  observed  Sir  Charles  to  pay  pazticiilir 
attention  to  the  annual  rings  of  growth  on  the  stumps  or  stools  of 
the  forest  1  do  not  remember  the  precise  place  where^  or  the  yetr 
when,  this  took  place ;  but  it  is  indelibly  fixed  in  my  memory  that  both 
Sir  Charles  and  Mr.  Symonds. said  they  had  seen  the  stools  •»  mtL 

I  will  mention  one  corroboratiye  fact,  which  convinces  me  that  the 
trees  must  have  grown  on  the  spot  at  Happisbuigh,  namely,  the 
finding  a  laige  quantity  of  leaves  imbedded  there  in  a  muddy 
ooze.  These  were  seen  by  Dr.  Falconer,  by  whose  advice  I  had  a 
laige  quantity  conveyed  to  Irstead,  and  they  were  identified  by  Di: 
E.  H.  Nathorst,  an  eminent  Swedish  naturaust,  as  the  leaves  of  two 
varieties  of  willow.  They  must  have  fallen  from  trees  which  grew 
on  the  spot  The  same  may  be  said  of  the  immense  quantity  of 
fir-cones  which  must  have  dropped  from  the  trees.  Dr.  Falconer, 
with  bis  characteristic  sagacity,  picked  from  the  interspaoes  of  the 
teeth  of  the  Bhinoceroa  Etruscus  some  remnants  of  coniferous  wood, 
observing  that  this  showed  what  the  Rhinoceros  of  the  Forest-bed 
lived  upon.  Whether  the  animals  and  the  trees  of  the  forest  lived 
and  grew  upon  the  spot  where  their  remains  are  now  found,  and 
whether  they  are  imported  from  some  other  unknown  regions,  I 
must  leave  to  the  judgment  of  the  dispassionate  reader. 

10,  Cathedral  Stheet,  Nouwicu,  Johx  Guvn. 

Jmie  IIM,  1877. 

GEOLOGY  AND  SCENERY  OF  NEWFOUNDLAND. 

Sir, — When  my  friend  Prof.  Milne  told  me  of  the  unfossiliferous 
character  and  monotonous  aspect  of  the  rocks  of  Newfoundland,  the 
involuntary  "  shudder "  of  which  he  speaks  was  occasioned  by 
feelings  of  commiseration  for  the  geologist  who  should  have  his  lot 
ciist  there,  and  not,  as  Mr.  Murray  seems  to  suppose,  from  any 
opinion  concerning  the  absence  of  agricultural  capabilities  or 
picturesque  features  in  the  country.  Since,  however,  I  have  had 
the  opportunity  of  reading  the  valuable  notes  in  your  last  Number, 
and  studying  Mr.  Murray's  valuable  map,  the  sentiment  of  horror 
has  been  replaced  by  one  of  pride  in  the  science  which  can  manage 
to  extract  so  much  of  interest  even  out  of  the  "  marshes,  thickets, 
and  swamps  "  of  Newfoundland.  Joun  W.  Judd. 

liUTAL  SCUOUL  OF  MiKSS,    18M  JuM,  1877. 
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By  Professor  John  Milnb,  F.G.S.  ; 
Imperial  College  of  EugineeriDg,  Tokei,  Japan. 

(Contiuaed  irom  p.  297.) 

Part  IL — From  St.  Petersburg  to  Perm. 

CoKTsxTS. — St.  Petersburg,  its  Public  Buildings,  Museums,  Monuments,  etc. — 
Moscow.— Is ijui  Novgorod. — lii?er  Volga,— Eiver  Kama. — Perm. 

NATURE  has  by  uo  means  contributed  her  charms  to  the  adorn- 
ment of  St  Petersburg.     In  fact,  it  is  built  upon  a  marsh,  in  a 
situation  so  flat  that  it  is  not  until  you  have  almost  landed  that  you 
can  see  anything  of  this  great  city.     The  only  object  in  choosing 
such  a  site  appears  in  a  sentiment  of  its  founder,  who  wished  to 
have  '*  a  window  looking  out  into  Europe."     In  some  openings  made 
in  the  streets  and  public  gardens,  I  saw  sections  of  from  15ft.  to  20ft. 
thick,   which  gave  some  idea  of  the   weak   foundation  on  which 
certainly  a  large  part  of  this  great  northern  capital  has  been  placed. 
It  was  ail  a  bluish-grey  sand.     Beneath  this  sand  I  was  told  there 
wets  a  bed  of  clay.     But  for  this,  if  I  may  judge  from  the  weak 
foundations  which  I  saw,  the  look-out  of  the  Bussian  Czar  might  by 
this  time  have  entirely  sunk  from  view.^    The  low  situation  of  St. 
Petersburg,  together  with  its  marshy  surroundings,  at  certain  seasons 
gives  rise  to  a  mild  malaria;  and  if  you  visit  the  city  in  summer- 
time, you  will  And  that  all  the  wealthy  inhabitants  have,  in  con- 
sequence, migrated  towards  the  sea. 

On  the  day  after  my  arrival  I  paid  a  visit  to  the  Government 
School  of  Mines,  where  there  are  about  450  students.  Before  entering, 
as  at  other  higher  government  schools,  the  candidate  must  pass  an 
examination  or  produce  a  diploma  from  one  of  the  Gymnasiums 
which  exist  in  nearly  all  the  towns  throughout  the  kingdom.  He 
then  enters  upon  a  five  yews'  courbe,  paying  about  30  roubles  (nearly 
£5)  annually.  The  system  of  education  is  very  like  that  adopted  in 
many  other  Euiopean  Mining  Schools,  but  very  different  from  that 
which  is  followed  out  in  the  Government  School  of  England, — many 
subjects  being  taught,  and  each  one  spread  over  a  great  number  of 
years.  In  such  a  system  a  student,  leaving  before  the  curriculum  is 
run,  does  so  with  a  smattering  of  much,  but  with  no  thoroughness 

^  Peter  the  Great,  who,  after  dispossessing  the  Swedes,  in  1702,  of  this  neighbour- 
hood, commence,  in  the  spring  of  1703,  to  uuild  the  town,  draiting  annually  40,000 
men  from  distant  parts  of  the  empire  for  this  purpose. 
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in  anything.  In  such  a  case,  oi-  where  it  is  deaired  l>y  the  gluiiwl 
to  become  aoiiuaitileil  with  only  one  or  two  of  tli©  many  aubjiifl' 
which  are  discuswd  in  Mining  Scliools,  the  English  system,  whfl* 
one  liranoh  after  another  is  sucoessively  oommonced  and  enW 
ajipeara  to  be  nndoublodly  superior.  At  any  period  of  his  couiki 
stniJent  may  relire,  and  gain  a  Ijeiiefit  from  the  instvuction  be  ha*  r^ 
oeivod.  Looking  at  the  course  of  instmotion  which  is  appointed  in 
the  St,  Petereburg  School  of  Miuen.  there  is  an  element  of  theor 
which  strikingly  preponderates.  This  is  apjiarent  not  al'M "  ■ 
tlieoretical  subjeola,  hut  in  those  which  would  of  themselTei 
vantageously  admit  of  practical  fipplioatton.  Thus  in  Matheiw- 
tica  ft  first-year  student  must  beeome  tolerably  master  of  t!» 
Calculus,  hut  aa  a  Zoologist  he  must  become  effete  with  lectmw 
Amongst  tlie  long  list  of  subjecis  which  are  discnssed,  tliere  an 
several,  such  aa  Jurispradence,  SlaliHtics,  Political  Economy  and  Bf 
ligion,  which  at  other  schools  are  only  conspicuons  by  their  absence. 

The  painful  way  in  which  some  subjects  clash  is  also  observiible, 
— thus  in  one  chamber  the  probabitity  of  kinship  between  men  ani 
apes  is  treated  of,  whilst  in  the  nest  chamber  such  doctrines  an 
doginotically  es])loded.  Overlooking  these  glaring  i neons islencie*, 
the  political  advantt^s  of  an  ecelesinsttoal  element  in  BE«mi-milit&n 
Bohool  may  perhaps  be  recognized. 

The  vacations,  which  are  of  about  three  moniliB*  duration,  are  spent 
in  waking  geological  surveys,  Rttending  metallurgical  and  other 
practical  works.  The  preliminary  training,  such  as  ia  necessary 
for  a  mining  engineer,  being  completed,  the  studies  take  n  mtr 
decided  form,  and  the  students  qualify  themselves  as  geologisfc 
metallurgists,  or  in  that  branch  to  which  they  may  have  devoted 
special  attention. 

Altogether  the  coarse  is  a  severe  one,  as  may  be  judged  hy  making 
a  comparison  between  the  numtjer  of  students  in  each  of  the  fi** 
years.  If  there  are  450  in  the  first  year,  ahout  400  are  foinul  com- 
petent to  pass  into  the  second  year,  100  to  the  third,  60  to  the  fourth. 
whilst  to  the  fifth  there  will  not  be  more  than  18  or  20.  It  is  ahard 
gauntlet  to  nin  BUccessfuUy,  The  course  being  completed,  the  student, 
before  actually  taking  charge  of  works,  may,  if  he  desire  it,  proceed 
to  some  government  works  to  further  qualify  himself,  where  he  will 
receive  a  small  salary. 

In  the  School  there  is  a  large  collection  of  models  and  of  minerals- 
These  latter  are  esjH;oially  worthy  of  attention,  as  presenting,  in  the 
case  of  minerals  jjecnlifir  to  Bussia,  specimens  which  may  in  many 
crises  be  regarded  as  unique,  A  large  block  of  malachite,  weighing 
2y  cwt.,  said  to  be  the  largest  ever  obtained,  at  once  strikes  the 
attention.  Besicles  this,  I  noticed  several  fine  chrysoberyls.  One  of 
the  clear  ones  whs  nine  inches  long,  and  from  three  to  four  inches 
in  thicknoBs,     The  emej-alds  and  tupnzes  are  also  conspicuous. 

In  the  basement  of  the  School  there  is  a  model  of  a  mine,  where  the 
appearance  of  lodes,  faults,  and  unde^round  workings  of  various 
deposits  are  demonstrated  in  a  manner  intended  to  approximate  to 
rijulity. 
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In  addition  to  the  jewels  which  may  be  seen  at  the  School  of 
Mines,  there  are  others  in  various  buildings  and  museums  in  the 
city,  all  of  which  are  accessible  to  visitors.  At  the  Winter  Palace 
I  saw  the  collection  of  Crown  jewels.  For  size  and  number  tho 
display  of  diamonds,  emeralds,  and  sapphires  is  perhaps  unrivalled  in 
any  other  court  in  Europe.  A  large  spinel  or  ruby  in  the  Imperial 
Crown  is  very  conspicuous.  The  great  Orloff  diamond,  weighing 
194f  caratsy  is  also  here.  It  has  been  suggested  by  Mr.  Tennant 
that  it  once  formed  part  of  the  same  stone  as  the  Koh-i-Noor.  Its 
brilliancy,  however,  is  not  so  great  as  might  perhaps  be  anticipated : 
but  this  may,  in  part,  be  due  to  the  form  in  which  it  has  been  cut. 

Whilst  looking  at  this  rich  and  varied  collection  of  gems,  I  was 
forcibly  struck  with  the  poor  manner  in  which  they  are  displayed. 
The  rooms  are  bed,  and  generally  ill  lighted ;  whilst  the  cases,  which 
were  in  accordance,  afforded  no  protection  whatever  to  their  con- 
tents. By  the  taking  of  your  hat  and  passport  at  the  entrance  to 
the  building  where  these  valuables  are  stored,  one  could  not  fail  to 
remark,  that  any  visitor  who  wished  to  make  a  sudden  exodus,  either 
from  the  room  or  from  the  capital,  would  be  sorely  inconvenienced. 

In  the  city  numbers  of  fine  buildings  meet  the  eye  at  every  turn. 
Many  of  these,  especially  the  churches  and  palaces,  give  some 
wonderful  examples  of  modem  masonry.  The  most  conspicuous 
of  these  is  St.  Isaac's  Cathedral.  Here  there  are  four  porches, 
each  of  which  is  supported  by  double  rows  of  tall  cylindrical 
columns  capped  by  Corinthian  capitals.  These  columns,  which 
are  composed  of  red  gremite,  are  each  GO  feet  high  and  7  feet  iu 
diameter.  The  steps  leading  up  to  these  porches,  each  a  single 
mass  of  granite,  are  equally  striking,  from  their  megalithic  pro- 
portions. Inside  the  building  there  are  many  tall  columns  of 
malachite  and  several  of  lapis  lazuli.  These,  however,  are  only 
columns  with  an  external  coating  of  those  minerals ;  nevertheless, 
when  they  are  seen,  they  serve  to  give  an  idea  of  the  quality  and 
quantity  of  these  substances  which  have  been  obtained  from  Kussian 
mines,  and  also  serve  to  remind  one  of  the  insignificance  of  the 
displays  of  similar  minerals  in  our  own  and  other  countries. 

Although  many  monoliths  have  been  used  in  the  building  of  this 
Cathedral,  isolated  specimens  of  stone  may  be  seen  which  are  even 
larger.  For  example,  there  is  the  Alexander  Column,  which  is  a 
single  shaft  of  granite  84  feet  in  height  (originally  102  feet),  and 
14  feet  in  diameter.  This,  standing  on  a  huge  pedestal,  and  with 
its  crowning  capital,  both  of  the  same  material,  presents  an  ap- 
pearance not  less  imposing  than  Pompey's  Pillar  at  Alexandria. 
Uesides  this  column,  there  is  a  block  of  granite  on  which  rests  an 
equestrian  statue  of  Peter  the  Great,  also  remarkable  for  its  size. 
It  is  calculated  to  weigh  1500  tons,  and  its  ori;j;inal  dimensions  were 
45  feet  in  length,  30  feet  in  height,  and  2o  feet  in  width.  Its 
dimensions  have,  however,  been  somewhat  reduced.  This  block, 
and  many  others  which  are  to  be  seen  in  St.  Petersburg,  occurred 
as  erratics  in  the  vicinity  of  the  town,  very  similar  to  those  which 
I  have  referred  to  as  being  so  plentifully  distributed  over  FintevsL 
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The  soale  on  whioli  so  much  of  the  masonry  of  this  northern  ohj 
has  been  carried  out  only  finds  its  counterpart  in  that  of  anoiait 
Egypt— massiveness  and  grandeur  are  displayed  ereiywliere. 

On  the  15th  of  the  month,  which  was  Sunday.  I  visited  the 
Museum  of  the  Academy  of  Sciences,  my  object  being  to  see  t 
skeleton  of  the  Mammoth,  the  remains  of  Bigtina  SuOeri,  and  some 
skulls  of  European  Beavers. 

The  first  of  these,  the  Mammoth,  I  found,  as  I  had  often  seen  it 
depicted,  standing  side  by  side  with  the  skeleton  and  a  stufid 
specimen  of  its  modem  representative,  the  Indian  Elephant  In 
these  pictures  it  is  shown  as  a  large  monster  with  dubbea  feet  lii 
relations  look  sensationally  small,  and  the  people  who  are  regarding 
it  still  smaller.  The  clubbed  feet  are  an  inexplicable  pnme,  and 
totally  at  variance  with  the  rest  of  its  bony  framework  and  tbe  toe- 
joints  of  its  neighbours.  In  reality  I  did  not  find  the  imposing 
appearance  which  I  had  anticipated  from  picture  studies.  The  room 
iu  which  the  skeleton  has  been  placed  is  one  that,  if  the  oreatme  were 
alive,  it  would  find  it,  I  believe,  impossible  to  walk  out  of.  It  is 
neither  high  nor  broad,  has  a  dull  gloomy  appearance,  and  is  piled 
up  with  many  other  remains.  A  lofty  clear  well-lighted  iqMirtment 
would  greatly  help  in  giving  visitors  a  conception  of  the  magnificent 
proportions  of  this  ancient  Elephant  As  it  is,  they  are  presented  to 
the  framework  of  an  animal  so  reared  across  a  room  that  its  tail 
almost  touches  one  wall  and  its  head  the  other. 

On  several  parts  of  tlio  skeleton,  eei^ecially  about  the  skull  and 
hind  feet,  integument  is  still  existing.  There  is  also  a  covering  on 
the  ngbt  foi-e-foot,  on  which  there  is  some  thick  red  hair  more  than 
two  inches  long.  Tlie  left  fore-limb,  if  I  remember  rightly,  and  also 
the  corresponding  hind-limb  are  both  cast  from  plaster,  as  also,  I 
believe,  many  of  the '  ribs.  These  feet,  which  have  been  cast  to 
imitate  the  right  fore-foot  and  its  covering  of  integument,  have  given 
the  club-footed  appearance  to  the  skeleton  which  is  so  often  drawn 
without  explanation.  Several  pieces  of  integument  which  belonged 
to  tins  animal,  from  J  of  an  inch  to  more  than  IJ  inches  in  thick- 
ness, are  to  be  seen  in  the  room,  and  also  a  fore-foot  covered 
with  Rkin  half-way  up  the  leg.  The  hair  with  which  this  creatiu^ 
was  covered  was  like  long  red  horse-hair.  Although  I  subsequently 
saw  many  specimens  of  tlie  integument  of  Mammoth  covered  with 
hair.  J  never  saw  nny  si>ecimen8  with  wool  on  them,  such  as  are 
Komot lines  spoken  of  in  lxK)ks.  The  tusks  seem  to  have  belonged  to 
an()tlj«r  individual  than  to  the  one  to  which  they  are  now  attached, 
Ix-'causo  the  stumps  to  which  they  are  joined  are  of  much  larger 
diainctor  than  the  tusks'  themselves.  This  specimen  is  one  which 
wa>-  discovered  on  the  l)ank8  of  the  Lena  in  1799. 

Tlie  tu^sks  which  are  supjdied  in  such  large  quantities  to  the 
London  market,  to  be  used  as  ivory,  come  chiefly  from  the  shores  of 
the  White  Sea  and  the  entrance  to  the  River  Petchora,  where,  as 

^  Sot  a  similar  Ptatement,  made  on  the  authority  of  Prof.  Maskel}iie,  Gbol.  Mag. 
18G8,  Vul.  V.  p.  541,  iu  an  article  on  the  cunatuie  of  tho  tusks  of  the  Hammoth. 
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jea  cuts  its  way  back  inland,  large  quantities  of  these  valuable 
mntine  remains  become  exposed.  Along  the  Siberian  rivers, 
3specially  along  the  Obi  and  Lena,  immense  numbers  of  these 
ins  have  been  found.  The  Russians  tell  one  that  they  are 
I  in  such  preservation  that  the  natives  eat  of  their  flesh.  Some 
e  Jakutski  and  Tungusians  who  collect  these  bones  obtain  20  to 
)ubles  (£3  to  £4  10«.)  per  pood  (40lbs.)  for  them, 
le  skeleton  of  Byiina  Stelleri,  of  which  the  only  other  example 

be  found  in  the  Museum  of  Helsingfors  in  Finland,  I  could 
ind  in  the  osteological  collection  to  which  the  general  public 

access.  On  explaining  my  wants,  I  was  treated  with  every 
ness,  and  given  facilities  for  seeing  all  I  wished.  The  skeleton 
7hich  I  was  looking,  together  with  many  other  skeletons,  is  kept 

chamber  below  the  ordinary  floor  of  the  museum,  which  in 
arance  is  not  unlike  a  store-room. 

k6  skeleton,  which  represents  an  animal  more  than  25fk.  long, 
t  altogether  perfect,  for  the  hand  bones,  if  it  ever  had  any,  are 
and  also  one  or  two  of  the  caudal  vertebrse.  A  porticm  of  the 
)  gristly  palate  with  which  the  creature  was  provided  is  also 
jrved.  The  rough  transversely  furrowed  surface  of  this,  which 
'ered  the  purposes  of  mastication,  is  very  curious.  In  places 
•e  the  ribs  had  been  cut  into  for  purposes  of  examination, 
showed  a  fine  white  texture  very  like  ivory.  This  specimen 
I  from  Behring's  Isle,  which  in  times  past  appears  to  liave  been 
mtral  if  not  its  only  home.  About  a  hundred  years  ago  it  was 
ficed,  like  the  Great  Auk  and  many  other  animals,  to  the  gluttony 
wants  of  man,  and  is  now  to  be  regarded  as  one  of  the  links  be- 
n  the  past  and  present  so  often  referred  to  by  geologists  at  the 
nencement  of  their  labours  and  historians  at  the  end. 

the  same  room  as  the  one  in  which  Bytina  Stelleri  is  standing 
1  an  opportunity  of  taking  a  passing  glance  at  the  skulls  of  some 
>pean  and  Asiatic  Beavers.  There  are  many  animals  inhabiting 
)ld  World  which  bear  the  same  name  as  those  in  the  New  World, 
has  arisen  from  their  general  similarity  in  outward  appearance, 
titles  of  this  sort  have  been  brought  into  question  by  naturalists, 

after  various  examinations,  have  found  certain  differences  tr) 

between  many  American  species  on  the  one  hand  and  Asiatic 
European  species  on  the  other,  and  the  question  apparently  to  be 
led,  is  whether  these  differences  are  sufficient  to  constitute  a  differ- 
in  species.  The  case  of  the  Beaver  was  one  that  was  especially 
ght  before  my  mind  during  ray  travels  in  Newfoundland,  where 
cjompanion,  Sir.  T.  G.  B.  Lloyd,  made  a  careful  study  of  it, 
subsequently  followed  it  up  with  the  assistance  of  all  such 
rial  as  could  be  found  in  the  Museums  of  Great  Britain, 
result  of  the  comparisons  as  made,  not  only  by  Mr.  Lloyd, 
also  by  various  other  investigators,  seems  to  lie  in  the  re- 
Q  existing  between  the  length  of  the  nascd  bones  and  the  skull. 
'  the  rest  of  the  framework  of  the  animal  was  not  taken  into 
lly  minute  consideration  I  do  not  know,  unless  it  was  from  the 
that  such  material  was  more  difficult  to  obtaii\.    Mx«\Aq^^^ 
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fi'Siilta,  ns  .Idliiceil  from  aii  examiaution  of  moro  Oiftn  30  Eiiroie* 
Ti  iwnt-iiiuH'ofi^U  beavers' faults,  and  agreaternninberofreceDtAaienan 
Kltulk,  8i«iu  tu  nbow  that  the  proportion  between  the  length  cf  xht 
niaal  >iom-8  to  tha  length  of  the  skiiU  in  the  European  Bearer,  ii » 
ihe  Icn^h  of  lineal  bone  to  the  len^h  of  skull  in  tbe  Ameriac 
l-eaverae  6  is  iti  5.  Or  more  mathematicaUy — 
Luugih  uf  ^ual  Biiitb  .  Lcn^tli  of  Sa«al  BoDW 

EaroptBn   .  — Americas  T I  6  t  »- 

Ltnt-lh  of  Sktilt  I*iiRlli  of  Skull 

In  a  Btitl  siiiiplLT  form  the  European  Bea^'ers  bavo  l&T2:or  tu'sl 
Ignesthan  the  Americau  Beavere.     Tlie  Beavers  of  botli  couclii' 


iippoar  tohave  W<;u  L-onteiuporaneoiiB  with  theirgigantiopredeceaor^ 
i.nraelj',  the  Tio'jontlieritim  of  Europe  and  Iho  Caitoroide*  of  Ameriia, 
Mid  tlie  midgut  ^iiiiits  bad  differences  like  their  modem  but  mm- 
I'^iratively  divarfisli  Buoosssors.  Now  what  I  saw  of  Bearer*  id 
tLe  Si.  I'tteialiurg  ^luseuiu  were  two  or  tliree  brownish-red  OaSti 
-pecimons  iipstaira  where  the  public  go,  »nd  five  sknils  fmm 
l"i:n1itiofi  from  wliich  speumens  are  raivly  seen  id  the  vanlt  villi 
T^jtinn  ftelli-ri.  Theae  Utter  w©»  ±e  ones  of  interest.  The  finl 
<,amo  from  the  Itiver  KoU,  the  Reoon6  and  third  came  from  Oanfonri*, 
the  fuiirtli  came  from  tbe  Kurilo  Islee,  whilst  the  fifth  was  from 
I'^ilka.  Tbortfl  with  the  shortest  uMal  bones  were  from  tbe  Riiril.- 
IsIm  and  Sitka,  then  aime  ouo  of  the  Califoruian  specimens,  them  tlie 
"jweiTuen  from  the  Kola  Kiver,  and  last  of  all,  with  the  longeei  nasul 
bdnes,  was  the  remaining  speeimen  from  California,  Such  a  result 
:is  tiiis  is  inoon^'Mious  and  at  yariauoe  with  the  elaborate  deductioui 
j  list    quoted.     rt*rh)i]is   Aniericnu    apeeiiuens   west   of    the  Kock) 
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0tiK>k  together  to  Tepreeent  grottoes*  oottegee,  and  other  imm, 
which  I  think,  from  what  I  afterwards  saw»  rnu^  piohsiUy  hate  bn 
made  in  Ekaterinbmg  or  its  neighbomrhood.  All  waie  ymj  dm; 
and  there  were  none  of  any  great  value. 

AiW  many  diffioolties,  I  found,  amongst  the  denae  hlaok  masiof 
haiges  and  steamers  which  line  the  banks  of  the  river,  a  boat  whidi, 
on  the  following  morning,  was  to  start  for  Perm.  As  it  was  Ijing 
upon  the  south  side  of  the  river,  I  had  opportunity  to  look  at  some 
high  steep  banks  which  rose  high  above  us.  Bunning  horiiontrilj 
along  the  hoe  of  this  slope,  which  I  have  mentioiied  aa  baring 
seen  from  the  railway,  there  are  many  well-marked  horiMOtil 
terraces.  Two  of  these  were  very  broad  and  flat  In  aeivoial  {daon 
the  scarp  or  slope  was  cut  through  with  small  gulleya.  Theae  wen 
utilized  as  roadways  between  the  upper  plane  and  the  river.  When 
outtings.had  been  made,  reddish-looking  earthy  seotioiia.  Uaveraad 
with  a  few  whitish  bands,  which  looked  like  chalk,  oonld  be  seen. 
The  height  of  this  scarp  above  the  level  of  the  river  is  about  2iO 
feet,  and  the  slope  at  the  steepest  part  about  29^.  At  the  top  of 
this  the  oountiy  is  flat  The  red  and  white  bands,  both  of  which 
are  apparently  marly  and  without  stones,  are  deariy  visihle  im  to 
about  180  feet    When  dry,  these  materials  break  111^  a  dried  clay. 

About  10  A.1I.  next  morning,  the  whistle  sounded  three  times,  the 
captain  gave  his  orders,  and  we  pushed  out  into  mid-stream.  After 
doffing  of  hats,  and  crossing  (I  suppose  for  a  fovouraUe  voyage),  we 
started  off  in  a  driving  rain  against  a  head  wind  down  the  Yd^ 

All  that  I  could  now  see  of  the  river  was  by  looking  through  the 
cabin  window.    Everywhere  there  are  shoals  of  sand.     On  the  Dorth 
side  of  the  river,  where  the  banks  were  sufficiently  cut  into  to  show 
the  stratification,  long  straight  lines  and  sweeping  curves  could  be 
distinctly  traced.     After  a  few  miles,  the  scarp  upon  the  south  siik 
instead  of  looking  as  if  it  were  only  the  sudden  termination  of  a 
plain,  merged  gradually  into  a  hill-like  character.     Both  the  hills 
and  the  scarp  which  now  formed  their  face  were  of  a  red  colour, 
and   the  white    beds,   which   before   had   been   at   higher   levels, 
were  now  only  to  be  seen  near  the  base.     As  we  pushed  on  down 
the  river,  a  long  sandy  shore  crept  in  between  us  and  the  scaqi. 
Towards  the  afternoon,  as  we  travelled  eastwards,  the  hills  became 
less  precipitous  and  scarp-like,  until  at  last  they  had  a  roun(le<l 
outline,  and  stripes  of  corn-fields  diversified  their  sides.    The  islands 
in  the  river  show  sections  of  stratified  earth  or  mud.     Some  of  them 
are,  however,  sandy,   and    their    light-coloured  shores  contrasted 
favourably  with  their  dark-green  cap  of  birch  and  alder.     As  nijxht 
came  on,  the  cold  and  drizzle,  instead  of  ceasing,  came  on  also.    Tho 
hills  upon  the  south  side  drew  nearer  to  the  river's  edge,  along 
which  they  continued  pretty  constantly.     Those  courses  of  the  river 
which  had  the  more  northerly  direction  were,  I  think,  bounded  u|^)ou 
their  southern  side  with  tlie  steepest  banks.     These  still  kept  their 
red  colour,  and,  where  they  had  a  few  trees  clinging  to  their  sides, 
looked  picturesque. 

At  5*30  P.M.  we  stopped  upon  the  south  side  of  the  river  at  a 
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small  village  called  Esad,  to  take  in  wood.  The  houses  are  built 
upon  the  side  of  a  hill,  but  most  of  them  occupy  the  first  of  a  series 
of  terraces  with  which  it  is  furrowed.  Numbers  of  wooden  stair- 
ways join  one  portion  of  the  settlement  Mrith  the  other.  As  the 
river  has  as  many  shoals  beneath  the  surface  of  its  waters  as  there 
are  sandbanks  which  appear  above  it,  two  men  are  kept  constantly 
at  the  bow  to  sound.  This  they  do  with  a  straight  rod  marked  with 
alternate  bands  of  black  and  white.  Each  sounding  is  called  out. 
When  the  captain  hears  less  than  3^  feet  proclaimed,  the  signal  to 
stop  is  given,  and,  if  it  is  not  too  late,  the  vessel  is  nm  backwards  and 
a  new  course  is  tried.  Early  next  morning  we  ran  into  a  small 
steamer  and  smashed  its  bows  in.  After  this,  many  hours  were 
spent  in  finding  our  way  between  sandbanks,  often  grounding  with 
a  shake  and  shock  which  on  first  experience  was  startling.  From 
the  style  of  navigation,  it  may  be  inferred  that  it  is  impossible  to 
learn  or  place  the  courses  of  the  river,  which  are  ever  being  shifted' 
by  the  silting  up  of  channels  and  opening  of  others. 

About  midday,  as  we  neared  Kazan,  we  could  see  a  few  low  hiUs 
away  in  the  distance  upon  the  north  side  of  the  river.  On  the  south 
side  the  scarp,  which  had  hitherto  been  red  in  colour,  was  now 
yellowish-white,  and,  instead  of  being  earthy-looking,  appeared 
more  compact  Further  on,  these  yellow  beds  were  seen  to  underlie 
the  red.  Opposite  to  Kazan,  a  strip  of  low  flat  country  marked  the 
entrance  of  the  River  Swjaga,  one  of  the  feeders  of  the  Vc»lga.  It 
flows  from  the  south,  and  is  very  noticeable  from  the  position  it  holds 
to  the  river  to  which  it  is  tributary.  Measured  in  a  straight  line,  it 
is  more  than  150  miles  long,  and  during  the  whole  of  this  distance 
it  flows  parallel  to,  and  only  a  few  miles  distant  from  the  Volga, 
which  it  feeds — but,  strange  to  say,  in  an  entirely  opposite  direction. 
Whilst  the  Volga  flows  south,  the  Swjaga  flows  north.  At  more 
than  100  miles  above  their  confluence,  the  two  rivers  come  so  close 
together  that  they  are  indicated  upon  the  map  as  flowing  through  the 
same  town  of  Simbirsk.  Although  rivers  of  this  sort  are  exceptional, 
they  give  us  hints  of  the  difliculties  which  explorers  may  meet  with 
in  unknown  countnes  when  working  out  their  topographical  details. 

After  passing  the  flat  opening,  we  again  had  the  hard  whitish 
clififs  upon  the  south,  the  red  colour  appearing  at  last  to  be  entirely 
lost.  By  disintegrating  agencies  acting  along  the  lines  of  strati- 
fication, horizontal  ledges  have  been  left  protruding.  Although  these 
are  not  very  well  defined,  they  are  yet  sufficient  to  form  a  foothold 
for  small  trees  and  bushes,  which  now  form  dark  lines  along  the  face 
of  the  cliff.  The  water  of  the  river  here  was  apparently  the  same 
as  it  had  been  at  Nijni  Novgorod,  so  charged  with  sediment  as  to  be 
of  a  dirty-yellowish  colour. 

Next  morning  I  awoke  to  find  that  during  the  night  we  had  broken 
down,  and  were  quietly  lying  alongside  a  hulk  at  a  small  station 
called  Cheestopol,  at  the  entrance  of  the  diver  Kama.  As  we  were 
detained  here  until  evening  in  making  repairs,  I  had  a  ramble 
amongst  the  woods  near  the  shore.  Elm,  oak,  and  birch  were  the 
common  trees ;   I  did  not  see  any  spruces  or  pines.     Buttetflv^s^  ^5S^^ 
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other  in Be<its  were  taking  advantage  of  a  few  gleams  of  sanehlDe,!! 

'       I  lifiii  great  sport  aiiioiight  tljem. 

Tlie  fiiirent  nf  the  Kama  is  a  little  Tiiore  rapid  than  the  VnlpLiwJ 
here,  with  the  wind  blowing  agninst  it,  it  was  curled  up  and  Hm^A 
with  patches  of  white  foam.  Our  repaira  being  eud«d,  we  etsitcd 
up  the  Kama.  We  had.  however,  not  been  Tery  long  ndoat.  wluB. 
thi'Dugb  nuining  on  a  eaudbatik,  oar  machinerj'  again  gave  oot,  and 

[  wo  were  detained  for  the  remainder  of  the  night.  Next  daj  *• 
were  again  afloat.  Upon  our  weatem  side  an  oocaeional  red  cUff 
woB  to  be  8oeD,  whilst  noaror  to  the  river  browniRh  earthy  bank* 
were  well  marked  with  lines  wiiioh  showed  the  height  to  which  the 
Water  sometimes  rises. 

During  our  second  evening  on  this  river  an  immense  number  of 
delicate  white  ephemeral- looking  flies  fell  upon  our  deck  and  tnto 
the  water.  These  were  so  thick  in  places  that  they  fringed  the 
windward  shore  of  the  river  with  a  white  line.  On  the  Dneiper  s 
somewhat  similar  fly  sometimes  ocours  in  auoh  quanlitiee  that  th« 
fishermen  light  fires  to  attract  them.  The  creatures,  whilst  hovering 
round  the  light,  get  their  wings  singed,  and  fall  down  on  and  round 
the  fire  like  snow.  They  are  then  swept  together,  mixed  with  clay, 
and  used  for  ground  bait 

A  passenger  on  board,  a  man  apparently  of  some  intelligence,  told 
me  that  mineral  coal  had  been  found  on  the  Kama  near  Piani- Vor. 
If  this  is  proved  to  be  correct,  it  will  not  only  give  a  new  locality 
for  fho  niinernl,  hut  nlwi  anmlier  point  for  the  outcrop  of  the 
Carboniferous  formation.  In  the  Kama  there  are  a  few  low  islands, 
which  take  the  place  of  the  sands  I  saw  upon  the  Volga.  With 
this  exception,  1  do  not  think  that  there  is  any  choioe,  as  far  w 
picturesqueness  is  concerned,  between  the  two.  As  a  whole,  the; 
are  both  flat  and  dull.  As  we  progressed  upwards,  we  saw  some 
pleasant  upland  slopes  chequ^^  over  with  square  plots  of  cultiva- 
tion. In  outline  these  hills  are  not  unlike  onr  downs,  but  they  are 
perhaps  more  furrowed  by  the  small  streams  which  oat  throogh  the 
soft  red  Permian  strata  of  which  they  are  composed.  The  ahors  w 
everywhere  slippery  and  muddy.  As  we  neared  Perm,  we  had  upon  onr 
western  side  high  sloping  hills  of  red  earth  bounded  with  white  rock- 
On  the  afternoon  of  lliursday,  September  Srd,  we  name  in  sight 
of  Perm,  and  in  the  afternoon  we  landed,  after  a  wearisome  eigbt 
days'  steaming  along  two  rivers,  which,  for  flataees  and  mouotoo;, 
would  rival,  1  think,  any  in  ?Jurope. 

(To  bt  amiiiaud  in  our  n£M  Ifiimim'.) 

II. — A  Skxtoh    of  the  Gbolooy  of    EKianLET,   Skipton,  akd 

OnAssiNaTON.' 

Bj  J.  E.  DiXTNS,  M.A.,  of  H.M.  Geological  SnTrey. 

F  Derbyshire  the  Millstone-grit  series  consists  of  four  or  five  well- 
marked  grits,  separated  by  shales,  viz.  the   so-oalled  first  or 
topmost  grit,  named,  from  its  ooarse  character,  the  rough  rock ; 
1  Originallj  read  wiih  the  Dircctot'i  penmaioa  before  the  Britisli  Auocialioa  at 
aaJferd.  bat  Dot  heielofiM«  publithed. 
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be  second  grit,  whioh  is  generally  a  flagstone;  the  third  grit,  a 
old,  well-jointed  rock ;  aud  lastly,  the  Kinder  Scout  grit,  which 
oraetimes  consists  of  two  beds.  In  advancing  northwards  this 
ype  undergoes  considerable  changes;  the  second  grit  becomes 
lerely  a  basement  bed  to  the  rough  rock,  not  always  separable 
bei'efrom ;  the  third  grit  loses  its  massive  character,  and  other 
•eds  of  sandstone  begin  to  show  themselves  amid  the  shales  over- 
ying  the  Kinder  Scout  grit.  When  one  reaches  the  valley  of  the 
/olne.  four  separate  sandstones  have  developed  themselves  between 
he  rough  rock  (locally  known  as  the  sand  rock)  and  the  recog- 
lized  Kinder  Scout  grit.  'This  type  prevails  also  in  the  valley 
f  the  Yorkshire  Calder ;  but  is  not  to  be  found  on  crossing  the 
iratershed  into  the  basin  of  the  Aire.  There  the  series  consists  in 
escending  order,  first  of  the  rough  rock,  which  throughout  maintains 
Ls  usual  marked  character  till  it  is  buried  beneath  the  Permian ; 
econdly,  of  a  very  variable  basement  bed  to  the  last,  consisting, 
srhen  well  developed,  of  valuable  flagstones.  These  are  extensively 
uarried  at  Nab,  above  Oxenhope  Moor ;  and  also  in  an  outlier  at 
he  Penistone  quarries,  near  Haworth.  Below  this  bed  comes  a 
resh  series  of  variable  sandstones  and  shales.  There  may  be  in 
»]aces  as  many  as  fifteen  or  sixteen  distinct  sandstones  below  the 
casement  of  the  rough  rock  and  the  regular  Kinder  Scout  grit  But 
his  set  of  beds  may  conveniently  be  di\ided  into  two  by  means  of  a 
onspicuous  grit  which  is  continuous  with  the  third  grit  of  Lancashire, 
^liis  grit  forms  the  bold  escarpment  of  Hallan  Hill  and  Earl  Crag, 
o  conspicuous  with  Wainman's  monument  on  its  crest,  as  seen  from 
he  railway  between  Keighley  and  Skipton.  We  may  conveniently 
peak  of  it  as  the  middle  grit.  It  generally  has  three  gi-its  between 
t  and  the  base  of  the  rough  rock  ;  -these  four  beds  are  presumably 
he  four  grits  of  the  Calder  and  Colne  valleys  mentioned  above.  I 
vill  now  briefly  point  out  the  general  run  of  the  beds  in  the  basin  of 
he  Aire.  The  rough  rock  runs  in  a  nearly  unbroken  manner  from 
lie  latitude  of  Penistone,  and  enters  the  basin  of  the  Aire  above 
)xenhope  Moor  ;  its  bas^nent  flags  form  the  lofky  escarpment  of 
Cab,  whence  maj'  be  had  a  glorious  view  of  the  northern  fells  fi'om 
ngleborough  on  the  west  to  Great  Whemside  on  the  east. 

A  large  fault,  ranging  across  Thornton  Moor  in  a  W.N.W.  direc- 
ion,  throws  down  the  Coal-measures  of  Denholme  on  the  north, 
rom  beneath  which  the  rough  rock  rises  to  form  Black  Moor  and 
3row  Moor.  Another  W.N.W.  fault  throws  the  beds  up  again  near 
^ullingworth,  so  that  Harden  Moor,  between  Bingley  and  Keighley, 
lonsists  of  an  outlier  of  rough  rock,  while  various  members  of  the 
bird  grit  series  occupy  the  flanks  of  the  hill.  West  of  the  river 
^orth  the  rough  rock  forms,  with  a  dip  slope,  the  wide  expanse  of 
ieighley  Moor ;  but  at  Exley  Head  another  W.N.W.  fault  throws 
ip  the  beds  to  the  north,  so  that  an  outlier  of  rcAigh  rock  forms  the 
lill  on  which  is  situated  Keighley  tarn.  Going  N.W.  from  the  town 
ve  pass  successively  over  the  various  members  of  the  third  grit 
eries.  The  middle  grit  can  clearly  be  traced  by  its  massive  cha- 
acter  running  down  to  the  valley  south  of  Hawkcl\f[  C^\X».<^  \  *^ 
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asoends  on  the  north  side  of  the  Aire,  somewhat  brokan  hj  tuSk, 
and  foims  Brtmthwaite  Crag ;  is  thrown  ap  by  a  W.N.W.  ftidt  to 
form  White  Crag,  and  again  in  the  esoarpment  of  Ad&fD^mm 
High  Moor.  It  is  this  rook  which  forms  the  well-known  Brimhm 
Rook  near  Pateley  Bridge.  Below  the  esoarpment  of  the  middb 
grit  there  is  no  oonspiouous  rock  soutli  of  the  Aire ;  bnt  on  thanoftk 
of  that  river  several  beds  of  sandstone  appear,  one  of  whicdi 
important  further  north  as  the  hard  silioeoas  grit  _ 

which  forms  the  summit  of  Great  Whemside.  Owing  to  tbe  nambcc 
of  sandstones  that  now  have  oome  in,  it  is  somewhat  nnoertam  wliaft 
ought  to  be  taken  as  the  top  of  the  Kinder  Soont  grit,  though  dian 
is  no  doubt  about  the  main  mass  of  the  bed.  'niis  well-marksd, 
ooarse,  and  massive  grit  is  brought  in  by  a  W.N. W.  fkolt  (aontli  of 
the  river  Aire^,  whioh  is  remarkable  as  one  of  the  few  inatanoes  h 
which  galena  has  been  found  away  from  the  limestone  area.  Ncotk 
of  the  Aire  the  Kinder  Scout  grit  rises  up  regularly  from  benesfli 
the  overlying  beds  at  Kildwiok.  Near  Cononley  a  N.E.  &alt  throws 
down  the  beds  on  the  N.W.,  so  that  the  upper  part  of  the  Kinder 
Scout  grit  is  again  found  in  the  valley.  The  bed  here  oonsisti 
generally  of  three  separate  rocks.  It  is  immediately  onderlam  hj  a 
thick  but  variable  set  of  sandstones,  with  shale  partings,  which  have 
hitherto  been  styled  Toredale  grits;  but  this  is  a  very  bad  and 
misleading  term,  as  the  beds  are  merely  the  basement  part  of  the 
Kinder  Scout  grit,  from  whioh  they  cannot  always  bo  sepaiateil 
without  forcing;  and,  moreover,  these  grits  are  nowhere,  that  I 
know  of,  found  in  Yoredale.  Beneath  these  are  found,  at  Skipton, 
shales  and  limestones,  a  narrow  band  of  contorted  limestone,  forminf; 
the  crest  of  an  anticlinal,  appearing  between  the  road  and  railway 
about  half  a  mile  south  of  Skipton.  The  strike  of  the  beds  hitherti 
described  is  generally  N.E.  and  S.W.,  the  dip  increasing  as  we  gi> 
westward ;  but  about  the  latitude  of  Skipton  the  beds  bend  round 
so  as  to  strike  nearly  E.  and  W.,  with  a  dip  of  20  deg.  to  the  south 
along  Skipton  Moor.  In  fact,  the  country  between  the  latitudes  of 
Skipton  and  Grassington  has  been  much  disturbed  and  thrown  into 
a  series  of  east  and  west  rolls.  Thus  a  strong  anticlinal  ranges 
down  the  Skibeden  Valley  from  Skipton  to  Bolton  Abbey,  with  a 
steady  dip  to  the  north,  and  many  minor  folds  on  the  south.  The 
effect  of  this  is  that  a  mass  of  Mountain  Limestone  forming  the  green 
boss  known  as  the  Haw  Park  has  been  brought  up  in  the  Skibeden 
Valley  between  two  ranges  of  Millstone-grit  hills,  viz.  Skipton 
Moor  on  the  south,  and  Embsay  Moor  on  the  north.  The  Mountain 
Limestone  here  is  a  dark  thin^bedded  limestone.  It  is  extensively 
quarried  for  road  material  both  at  Haw  Bank  and  also  at  Thornton, 
where  similar  beds  are  found.  Either  of  these  quarries  is  well 
worth  a  visit.  The  beds  are  much  faulted  and  contorted,  particularly 
along  the  south  side  of  Skibeden  Valley  ;  good  instances  of  contor- 
tion are  to  be  seen  at  Draughton  and  the  Wheelam  Rock  qoarries,  as 
also  at  the  Hambleton  Hook  quarry,  near  Bolton  Bridge ;  an  excel- 
lent section  of  contorted  beds  is  also  to  be  seen  in  Halton  Oill.  Tlie 
strike  of  the  beds  of  Mountain  Limestone  seems  to  indicate  that  they 
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• 
have  partly  been  brought  up  by  a  fault  ranging  along  the  south  side 
of  the  Skibeden  Valley ;  ^  but  on  the  north  they  dip  regularly  under 
the  Yoredale  and  Millstone-grit  beds.  On  that  side,  where  the  series 
in  much  clearer  than  on  the  south,  there  are  two  limestones  above 
the  Mountain  Limestone.  On  the  south  side  of  the  Skibeden  Valley 
and  anticlinal  the  Kinder  Scout  grit  strikes  E.  and  W.  along  Skipton 
and  Draughton  Moors,  and  descends  to  the  river  Wharfe  north  of 
Addingham.  Its  high  southerly  dip  carries  it  up  the  slope  of 
Liangbar  Moor,  it  base  running  just  below  Beamsley  Beacon ;  it 
then,  imder  the  influence  of  a  branch  of  the  Skipton  anticlinal, 
plunges  down  northward  to  Kex  Beck,  where  the  beds  bend  up 
again  and  rise  northward  to  Hazlewood  Moor  and  Bolton  Park; 
here,  on  the  strike  of  the  Skipton  anticlinal,  the  beds  bend  over 
Dorthward  and  recross  the  Wharfe  below  Laund  House ;  south  of 
this,  as  far  as  Bolton  Abbey,  limestones  and  shales  of  the  Yoredale 
series  are  seen  along  the  river.  These  are  cut  off  opposite  Bolton 
Abbey  by  a  N.E.  fault  bringing  in  the  upper  beds.  The  so-called 
Yoredale  grits  run  along  the  slopes  of  Skipton  Moor  to  Fairfleld 
Hall;  and  east  of  the  Wharfe  are  found  about  Beamsley  and 
Storriths.  They  have  not  been  everywhere  identified  on  the  north 
side  of  the  Skibeden  Valley.  On  the  west  side,  though  the  beds  are 
in  several  places  broken  by  N.W.  faults,  yet  their  general  run  is 
tolerably  plain.  A  set  of  bold  crags  marks  the  escarpment  of  the 
Kinder  Scout  grit  along  Halton  and  Embsay  Moors,  Eylstone, 
Bumsall,  and  Thorp  Fells.  Beneath  the  western  escarpment  of  the 
Kinder  Scout  grit,  the  Yoredale  grit  is  found  forming  at  intervals 
promontories  on  the  sides  of  the  fells,  probably  caused  by  a  local 
hardening  of  the  rock,  which  appears  to  be  of  a  very  variable 
character.  It  has  not  been  traced  further  east  than  the  nortliem 
extremity  of  Bumsall  Fell.  The  Kinder  Scout  grit,  whose  escarp- 
ment has  been  briefly  indicated  above,  lies  in  the  shape  of  a  syn- 
clinal trough  dipping  east,  and  thus  occupies  with  its  various  mem- 
bers the  whole  extent  of  Burnsall  Fell,  Barden,  and  Embsay  Moors. 
The  rock  is  well  seen  along  the  river  Wharfe,  particulai'ly  at  the 
celebrated  *  Strid'  in  Bolton  Woods.  On  the  east  of  the  Wharfe  these 
grits  rise  up  in  a  sort  of  broken  dome  with  a  quaquaversal  dip  to 
form  the  summit  of  Barden  Fell,  well  marked  by  the  bold  crags  of 
Simon  Seat,  whence  a  magnificent  view  is  to  be  had,  and  York 
Minster  may  be  seen  on  a  clear  day.  Near  these  crags,  at  the  very 
summit  of  the  fell,  1700  feet  above  the  sea,  some  pot- boles  (cue  of 
which,  in  the  dialect  of  the  country,  is,  from  its  great  size,  called  the 
Great  Shak)  indicate  the  presence  of  limestone  at  no  great  distance. 
The  beds  may  be  seen  in  Howgill  and  on  the  path  through  Fell 
Plantation,  dipping  steeply  to  the  N.W.  into  the  valley ;  but  along 
the  Skyreholme  beck  they  turn  up  again,  and  dip  steeply  to  the  S.E. 
From  Appletreewick  the  grits  are  seen  striking  north-eastward, 
underlain  by  a  mass  of  shale,  from  beneath  which  massive  white 
scar  limestone  rises  regularly  with  a  similar  strike,  as  far  as  a  set  of 

^  I  now  consider  it  doubtful  whether  there  is  not  also  a  fault  along  the  north  side 
of  Skibeden. 
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bold  crags,  marked  by  the  Ordnance  Btation,  1850  feet  above  the 
level;  here  the  beds  end  abniptly,  being  out  off  by  the  &»▼» 
fault.  The  position  of  this  fault  is  also  shown  by  the  abrupt  termi- 
nation of  similar  grit  crags  at  Fancarl,  by  great  disturbances  of  the 
beds  at  Thurskell  Well,  near  Hebden,  and  by  disturbed  beds  on  ^ 
banks  of  the  Wharfe  near  Lyth  House,  whence  the  fault  runs  by 
Skirethornes,  with  limestone  on  its  north  side  and  grit  on  its  south, 
to  join  the  line  of  bold  cliffs  which  mark  the  line  of  the  fault  from 
Mai  ham  to  Settle.  East  of  the  river  Dibb  we  have,  north  of  the 
Craven  fault  massive  white  limestone,  dipping  north  at  Wf 
closely  overlain  by  the  grit  of  Grimwith  Fell,  from  whioh  the  main 
mass  of  limestone  is  separated  merely  by  a  thin  band  of  mixed 
shales  and  limestones.  The  green  nuiss  of  Greenhow  Hill  forms  the 
dome-shaped  end  of  this  band,  which  is  in  fact  an  anticlinal,  broken 
up  by  the  Craven  fault  Between  the  river  Dibb  and  Gmssington 
the  ground  is  very  obscure;  but  the  Millstone-grits  seem  to  be 
separated  from  the  great  limestone  by  a  considerable  thickness  of 
shales,  with  but  poor  limestone  bands.  At  Grassingtcm,  however, 
the  limestones  swell  out,  and  with  the  exception  of  two  bands  of  hard 
sandstones,  known  as  the  Dirt  Pot  Grits,  there  is  solid  limestone 
from  tlie  grits  of  Grassington  ]\Ioor  to  the  river  Wharfe.  North- 
wards the  limestone  gradually  breaks  up,  and  finally  takes  on  the 
Yoredale  type,  so  well  known  from  the  writings  of  Professor 
Phillips. 

III. — Notes  on  the  Correlation  of  the  Beds  constituting  the 

Upper  Greensand  and  Culoritic  Marl. 

By  A.  J.  Jukes  Lrowne,  B.A.,  F.G.S. ; 
of  H.M.  Geolo;'ical  Survev. 

CONSIDEKABLE  uncertainty  has  for  some  time  existed  with 
regard  to  the  formations  known  by  the  names  of  Upper  Green- 
sand  and  Chloritic  ]Marl. 

The  series  of  l^eds  which  are  thus  denominated  have  l)een  accurately 
dcscribtd  as  tliey  exist  in  several  difierent  localities,  and  the  strata 
supposed  to  constitute  these  divisions  have  been  shown  to  vaiy  i^reatly 
both  as  regards  their  litliolugicd  characters  and  their  fossil  contents; 
but  very  few  attempts  have  been  made  to  ascertain  tlie  lateral  ex- 
tension and  the  exact  htratigraphical  relations  of  these  conijx^nent 
buds;  they  have  been  like  the  fragments  of  a  puzzle  which  no  one 
has  succeeded  in  putting  together. 

(i colonists,  indeed,  were  for  a  long  time  contented  to  receive  all 
the  sandy  and  glauconitic  deprtsits  intervening  between  the  Gault- 
clay  and  the  Chalk-marl  of  any  locality  m  England  as  })elonging  to 
tlie  Upi>«-'r  Greensand.  Afterwards,  when  the  Chloiitic  Marl  was 
separated  fntm  the  series  in  the  Isle  of  Wight,  its  existence  in  other 
parts  of  England  was  not  properly  established — or,  to  speak  more 
correctly,  ditlerent  inland  lionzons  were  assigned  to  it  by  difierent 
writers. 

The   typo   of  the  Upper   Greensand   was  supposed  to  exist  in 
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Hampshire  and  the  lale  of  Wight,  and  it  was  said  to  assume  dif- 
ferent facies  in  other  districts ;  thus  the  Blackdown  Beds,  the  War- 
minster Greensand,  and  the  Cambridge  ''  Coprolite  Bed,"  have  all 
been  referred  to  the  Upper  Greensand,  and  have  been  oonsidered  as 
local  developments  of  that  formation.  It  is  true  the  two  latter  have 
also  more  recently  been  called  Chloritio  Marl,  but  this  only  shows 
the  uncertauity  attending  the  use  of  that  term,  and  the  general 
opinion  has  been  that  they  were  all  "  Upper  Greensand  *' ;  the  great 
differences  between  the  above-mentioned  deposits  being  accounted  for 
by  the  relative  distances  from  contemporaneous  land  and  other  vary- 
ing geographical  conditions. 

It  was  known  that  these  Greensands  contained  very  dififerent 
fossil  faunas,  but  no  one  had  followed  up  the  beds  possessing  any 
of  these  local  faunas,  nor  had  the  fossils  even  from  the  separate 
beds  of  one  locality  been  collected  with  the  view  of  ascertaining 
whether  the  succession  of  strata  contained  the  same  fauna  from  top 
to  bottom.  Such  investigations  mast  inevitably  have  led  to  more 
accurate  views,  but  the  valuable  evidence  afforded  by  the  fossils  was 
to  a  great  extent  ignored,  and  the  more  obvious  differences  were 
explained  away  in  the  manner  above  mentioned ;  explanations 
which  in  themselves  suggest  very  interesting  questions,  but  which 
are  inadequate  to  account  for  all  the  circumstances  of  the  case.^ 

Within  the  last  few  years,  however,  the  Cretaceous  system  has 
been  more  carefully  studied  both  in  England  and  France,  and  the 
Greensands  have  received  their  due  share  of  attention ;  the  strati- 
graphical  details  of  the  several  divisions  have  been  investigated  by 
men  who  were  at  the  same  time  careful  to  pay  attention  to  the 
palaeontological  evidence,  and  it  is  now  possible  to  answer  most  of 
the  questions  above  indicated  as  obscure  or  unknown. 

The  result  of  these  inquiries  has  been  to  alter  very  materially  our 
conception  of  the  importance  of  the  Upper  Greensand  and  Chloritio 
Marl,  and  to  render  it  very  doubtful  whether  they  should  continue 
to  rank  as  divisions  of  primary  importance  in  the  Cretaceous  series. 

It  is  perhaps  the  position  of  the  Chloritio  Marl  which  is  at  present 
the  most  doubtful  and  undefined.  Mr.  C.  J.  Meyer  has  claimed  for 
it  an  importance  equal  to  that  of  the  Upper  Greensand,  while  Mr. 
Wliitaker  has  expressed  himself  as  objecting  to  the  term  altogether 
on  the  ground  of  its  being  nowhere  satisfactorily  defined,  but  applied 
in  one  place  to  Upper  Greensand  and  in  another  to  Chalk. 

Again,  in  the  March  Number  of  the  Geological  Magazine,  p.  123, 
the  reviewer  of  Mr.  Bonney's  "Cambridgeshire  Geology"  takes 
exception  to  the  application  of  the  term  Chloritio  Marl  to  the 
Caml>ridge  Greensand.  and  in  the  April  Number,  p.  191,  Mr.  H.  G. 
Fordham  expresses  surprise  at  this,  and  wishes  to  learn  what  may 
be  taken  to  constitute  **  the  true  typical  Chloritio  Marl." 

It  seems  therefore  that  it  would  be  useful  to  give  some  general 
account  of  all  the  Glauconitic,  or  mis-called  Chloritio,  sands  between 

*  These  arguments  have  been  recently  renewed  by  Mr.  Seeley,  but  without  the 
suppon  of  any  additional  obsenrations,  and  in  the  face  of  the  facts  brought  forward 
by  Dr.  Barrois  and  myself. 
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the  Gflult  and  Chalk-inarl,  and  to  review  some  of  the  ooddnHoni 
arrived  at  by  different  writers  on  the  sabjeot,  in  order  that  the  wsj 
may  be  paved  towards  the  establishment  of  a  better  nomeoolstorab 
and  a  more  natural  olassifioation  in  this  part  of  the  geologiasl  seriss- 

Thi  Uppkb  Gbiknsard. 

The  early  history  of  this  formation  is  ohiefly  oonneoted  with  tint 
of  the  Wealden  area,  where  the  Firestones  and  Oreenaands  below 
the  Ohalk  had  attracted  attention  in  the  beginnini^  of  the  present 
oentnry ;  it  was  to  these  I  believe  that  the  term  ^  Cheeneama**  wn 
first  applied  :  thus  in  William  Smith's  Memoir  (1815),  tibe  sno- 
oession  of  the  strata  is  oorreotly  given  as  follows : 

Chalk  (Upper  and  Lower). 
Oreensand  parallel  to  the  Ghalk, 
Blue  marl  (viz.  Gkiult). 
Kentish  Bi^,  eta 

This  last,  however,  and  some  other  beds  between  the  Gtanlt  and 
Weald  Olays,  being  likewise  of  a  green  oolonr,  oame  also  to  be 
spoken  of  as  "  the  Oreensand."  Thus  Conybe^e  and  Phillips,  in 
1822.  showed  the  Firestone-beds  of  Merstliam  to  be  distinct  from 
the  Oreensand,  and  sepai'ated  therefrom  by  a  blue  marl  which  they 
doubtfully  refer  to  the  Cambridge  Gkiult  They  also  distinguish  the 
[Lower]  Greensand  from  the  Hastings  beds  of  the  Weald,  than 
called  "Lron  sand*';  but  they  do  not  make  the  same  distinotion  in 
the  Isle  of  Wight,  where  their  Greensand  is  the  Upper  Greensand. 

It  was  loft  for  Fitton,  in  1824,^  to  finally  clear  up  doubts  and 
difficulties  which  attended  the  correlation  of  the  Grecnsands  and  the 
Iron  sands,  and  b}'  him  the  whole  series  was  correctly  described 
both  in  the  Wealden  area  and  in  the  Isle  of  Wight. 

It  being  thus  proved  that  there  were  two  horizons  where  beds  of 
Greensand  occurred,  viz.  above  and  below  the  Gault  or  "Blue 
marie,"  it  was  natural  that  these  should  come  to  be  called  the 
Upper  and  Lower  Greensand.  Sir  R.  I.  Murchison  seems,  however, 
to  have  been  the  first  who  actually  made  use  of  the  name  in  any 
published  paper:  this  being  in  his  Memoir  on  West  Sussex,  read 
before  the  Geological  Society  in  1825. 

Mr.  jVIartin  adopted  the  name  for  the  beds  in  the  northern  part  of 
the  Weald,  and  Dr.  Fitton  in  183G  for  those  in  the  Isle  of  Wight 
and  the  south-east  of  England.  The  name  was  thus  accepted  as 
designating  all  the  sandy  beds  between  the  Gault  and  Chalk-marl, 
and  was  a  division  founded  purely  on  lithological  characters,  and 
without  any  reference  to  the  fossils  which  its  several  component 
strata  contained. 

The  first  attempt  to  estimate  accurately  the  thickness  of  the  Gault 
and  Greensaiids  is  recorded  in  the  Quart.  Journal  for  1845  by  lilr. 
J.  W.  Simms,^  the  following  section  being  measured  between  Ather- 
fiold  Point  and  the  cliflf  south  of  St.  Catherine's  Down  : — 

^  Ann.  riiilos.  ser.  ii.  vol.  viii.  pp.  365  and  4o8. 
'  Uuart.  Jouru.  GeoL  Soc.  vol.  i.  p.  77. 
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Feet 
Upper       {   Parallel  layers  of  soft  rock  and  of  hard  oherty  Bandstone    87 

Greenaand    I    Sand  witii  layen  of  stone  and  chert 67 

—  104 

Oanlt        \   Light-oolonred  Gkiolt  becoming  bluer •        ...    43 

/   Bm8  of  decided  blue  colour       ..         103 

146 

Lower  Greensand  in  various  beds 


250 

These  measurements  and  divisions,  although  apparently  taken 
with  great  care,  do  not  seem  at  first  sight  to  correspond  with  those 
given  in  the  Survey  Memoir  on  the  Isle  of  Wight;  but  it  is  re- 
markable that  the  combined  thickness  of  the  Gault  and  Upper 
Greensand  should  be  estimated  in  both  at  exactly  the  same  amount, 
viz.  250  feet.  Of  this,  150  feet  are  assigned  to  the  Oreensand  by  the 
G^logical  Survey,  including  50  feet  of  clayey  micaceous  sands  at  the 
base.  Now  I  thmk  it  is  not  improbable  that  these  are  the  *'  light- 
coloured  Gault "  mentioned  in  the  above  section,  which,  if  added  to 
the  other  beds,  makes  the  thickness  very  nearly  the  same,  viz.  147 
feet.  This  is  of  course  a  conjecture;  but  as  they  are  certainly 
passage-beds,  it  would  not  be  surprising  to  find  them  placed  in  the 
lower  formation  by  some  authors,  and  in  the  higher  by  others. 

Captain  L.  L.  B.  Ibbetson  seems  also  to  have  excluded  these  beds, 
when  he  states  that  the  Upper  Greensand  is  about  100  feet  thick ;  ^ 
he  does  not  mention  the  locality  where  this  was  measured,  but  he 
gives  a  detailed  list  of  the  strata  observed  in  descending  order ;  as 
this  has  never  been  reproduced  elsewhere,  I  give  the  following 
abridgment  of  it : — 

ft.    in. 

f   1.  Zones  of  Chert  and  Raff,  with  Peeten  orbietUarit^  F,  5'OOttatut, 

I  Sfrpula  eoncava  and  Siphonia        

^    2.  Conglomerate  of  Chert  and  Rag  (much  rolled)        

I    3.  Bands  of  Chert  and  Firestone 

^  4.  Freestones  separated  by  layers  of  Rag  

f   6.  Rag  and  Malm  alternating  

I    6.  Mammillary  Rag,  ronnd  Chert,  sandy  boulders,  with  phos- 

l  phate  of  lime  ( P  nodules) 

;    7.  Malm  and  Rag...        ...        •••        >..        ... 

8.  Fossiliferons  Malm      ...         . .         ...        ..•        ...        ... 

^  9.  Malm  and  Rag,  with  numerous  Serpiila      ...        ... 

103    6 
The  close  agreement  of  this  section  with  that  of  Mr.  Simms  is 

made  more  apparent  if  it  is  still  further  abbreviated  thus : — 

ft.  in. 

Zones  of  Chert,  Firestone  and  Freestone         36    8 

Alternations  of  Rag  and  Malm ...    67     10 

103    6 
and  it  is  possible  therefore  that  the  thicknesses  were  estimated  at  the 
same  place,  viz.  at  St.  Catherine's  Down. 

About  the  same  time  (1848)  Messrs.  Paine  and  Way  published  an 
important  paper  on  the  rhosphatic  Strata  of  the  Chalk  Formation,' 

^  Notes  on  the  Geology  and  Chemical  Composition  of  the  Various  Strata  in  the 
Isle  of  Wight,  London,  1849. 
'  Joum.  Roy.  Agric.  Soc.  ser.  i.  toI.  ix.  p.  56. 
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and  were,  I  believe,  the  first  to  point  oat  the  thxeefold  diTimm 
of  the  Upper  Greensand  as  developed  in  Hampshire  and  Sonvj. 
They  say:  "It  oommonlv  oomprises  three  distmotiTe  formatioDt; 
the  first  is  a  thin  green  oand  of  marl,  more  or  less  siliceous,  and 
abomiding  in  organized  fossil  remains ;  it  lies  below  and  in  contact 
with  the  soft  dirty  white  marl  above  mentioned ;  in  thiokneas  it  vsrieB 
from  a  few  inches  to  10  or  15  feet.  The  second  division  is  the  firo- 
stone  rock,  the  thickness  of  which  also  varies.  .  •  •  This  iwk 
gradually  mexges  into  a  soft  clayey  marl,  which  oonatitates  ftfi 
third  sab-division,  and  this  again  in  its  inferior  parts  beoomes  more 
and  more  argillaceous,  imtil  it  is  finally  lost  in  the  GaulL**  lir. 
Godwin-Austen,  writing  in  the  same  year,  makes  a  similar  division 
of  the  series  near  Guildford,'  but  refers  the  lowest  green  marls  and 
days  containing  phosphatic  nodules  to  the  Gault 

Here,  again,  there  is  no  definite  base-line  for  the  Upper  Green- 
sand,  and  certein  clayey  marls  are  referred  by  one  observer  to  the 
Gktult  and  by  others  to  the  Greensand ;  it  will  be  seen  in  the  sequel 
that  I  look  upon  the  former  mode  of  grouping  as  the  most  oonreet 

In  1862  two  memoirs  were  published  by  the  G^logical  Surrey 
describing  the  Isle  of  Wight  and  parts  of  Hampshire  and  Berkshiro 
(Sheet  12) ;  no  detailed  sections  of  the  Gault  and  Greensand  are 
given  in  either  of  these  works,  but  the  following  may  be  deduced 
from  the  description  on  p.  24  of  Mr.  Bristow's  "Isle  of  Wight,"  and 
may  be  compared  with  those  on  a  previous  page. 

Feet 

!1.  Calcareous  Sandstone  20 
2.  Chert,  Sandstone,  and  Freestone ?16 

S3.  Sands  and  Sandstones F24 
4.  Yellowish-grey  sand  with  some  Sandstone  and  Chert  (P  Rag)  ...  40 
6.  Bluish  sandy  micaceous  beds 66 

165 

It  is  to  be  regretted  that  the  fossils  found  in  these  beds  were  not 
given  separately  instead  of  being  combined  into  a  general  list. 

As  regards  the  base-line,  Mr.  Bristow  saj^s  (p.  23) :  "Sometimes 
the  Gault  assumes  a  very  sandy  character,  and  passes  so  insensibly 
into  the  Upper  Greensand  as  to  be  scarcely  distinguishable  from  it." 
A  section  also  is  given  showing  the  passage  from  Gault  to  Greensand, 
and  the  bluish  sandy  clays  at-e  stated  to  contain  Gryphaa  rermictilaria 
and  Area ;  the  line  is  mainly  drawn  to  separate  sands  from  clap, 
the  sandy  clays  being  mostly  included  with  the  Upper  Greensand, 
and  not  with  the  Gault  (see  ante). 

In  the  Memoir  on  Sheet  12  the  Upper  Greensand  is  described  as 
consisting  of  the  same  three  divisions  previously  indicated  by  Messrs. 
Paine  and  Way,  viz.  (1)  Greensands ;  (2)  Malm  rock;  (3)  Soft 
sandy  marls ;  but  the  former  of  these  is  referred  to  the  Chloritic 
Marl,  leaving  the  other  two  only  to  constitute  the  Upper  Greensand. 

Thus  we  find  that  there  is  great  uncertainty  both  concerning  the 
upper  and  lower  limits  of  the  formation,  and  that  the  only  beds 
which  all  agree  in  calling  Upper  Greensand  are  the  Malm-rock  and 

^  Quart  Journ.  Geol.  Soc.  vol.  It.  p.  267. 
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Firestone  of  the  Wealden  area,  and  their  equivalents  of  Firestone 
and  Cherty  Sandstone  in  the  Isle  of  Wight.  The  Wanninster  Green - 
sand  has  also  been  generally  accepted  as  another  type  of  the  Upper 
Greensand,  and  of  its  claims  more  will  be  said  hereafter. 

Th£  Chlobitiq  Marl. 

By  whom  this  name  was  first  proposed,  and  to  what  bed  or  beds 
it  was  first  applied,  I  have  been  anable  to  detennine  with  any  cer- 
tainty, nor  have  the  several  geological  friends  whom  I  have  consulted 
been  able  to  enlighten  me  on  the  subject.  It  seems  probable  indeed 
that  in  its  first  application  it  was  used  rather  as  a  descriptive  term 
than  as  a  designation  for  any  particular  bed,  and  simply  as  a  transla- 
tion of  the  French  "  Mame  chloritee." 

Thus  the  earliest  paper  which  takes  cognizance  of  it  is  one  by  Mr. 
God  win- Austen  on  the  geology  of  the  south-east  of  Surrey,  1843.^ 
After  describing  the  Lower  Chalk  of  this  district,  he  says,  "This 
portion  of  the  series,  taken  in  a  descending  order,  slowly  acquires 
an  admixture  of  sand  and  green  earth,  so  as  to  become  first  a  craie 
chloritie,  till  by  the  further  diminution  of  the  calcareous  matter  we 
reach  the  bright  green  beds  of  the  Upper  Greensand  with  Flicattda 
inficUa." 

This  crate  chloriUe  appears  to  coincide  in  position  with  what  was 
afterwards  called  the  Chloritic  Marl;  but  a  paper  written  in  the 
ensuing  year  by  Prof.  Forbes  and  Capt  L.  L.  B.  Ibbetson,  contains  the 
first  actual  mention  of  the  term  that  I  have  been  able  to  find,  and 
in  this  a  more  indefinite  location  is  assigned  to  it.*  The  authors 
describe  the  Cretaceous  system  as  seen  in  the  Isle  of  Wight  between 
Sandown  and  Whitecliff  Bays,  and  the  following  passage  occurs :  "The 
Upper  Greensand  corresponds  nearly  to  the  section  at  St.  Catherine's 
Down,  presenting  successively  sands  and  clays,  under  the  name  of 
Chloritic  Marl,  siliceous  bands,  fires  tone  and  freestone,  malm  and 
rag,  the  malm  in  a  3-feet  bed,  highly  fossiliferous,  surmounted  by 
2G  feet  of  malm  and  rag  passing  into  Chalk  Marl." 

The  whole  description  is  somewhat  confused ;  but  if  any  particular 
beds  are  meant  to  be  indicated  by  the  name  of  "  Chloritic  Marl," 
they  would  appear  to  be  sandy  marls  and  clays  overlying  the  Gault- 
clay,  and  foiming  the  passage-beds  to  which  1  have  previously  alluded. 
The  authors  may,  however,  have  been  mistaken  in  their  identifica- 
tion of  the  horizon,  or  they  may  have  merely  meant  the  term  to  be 
descriptive  of  the  lithological  character  of  the  beds. 

However  this  may  be,  the  term  Chloritic  Marl  had  apparentW 
been  associated  with  strata  at  the  top  of  the  Greensand  or  base  of 
the  Chalk  Marl  before  the  year  1848,  and  by  this  time  the  authors 
above  mentioned  had  arrived  at  more  definite  views  regarding  it. 
Captain  Ibbetson  read  another  paper  before  the  British  Association 
in  this  year  "  On  the  position  of  the  Chloritic  Marl  or  Phosphate  of 
Lime-bed  in  the  Isle  of  Wight, "^  the  substance  of  which  was  in- 

*  Proc.  Geol.  Soc.  vol.  iv.  p.  169. 

'  Brit.  Assoc.  Rep.  Trans.  Sec.  144. 

3  Brit.  Assoc.  Hep.  184  j,  Iruts.  Sec.  p.  69. 
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eluded  in  his  little  book  on  the  Strata  of  the  Isle  of  Wi^t  pierioi 
cited.     In  these  publioations  he  does  not  appear  to  piopose 
applioation  of  the  term  to  this  bed  for  the  first  time,  al&oaffh  il 
probable  that  its  position  was  now  first  deaily  defined ;  he  t 
speaks  of  it  at  p.  21 : ' 

"  The  Chloritio  Marl  or  principal  phosphate  of  lime  bed  ooi 
next  in  snooession  and  divides  the  Chalk  Marl  from  the  Up 
Greeiisand.  It  is  a  grey  marl  full  of  green  grains  of  a  sQioiic 
iron  and  sand^  very  fossiliferous.  The  upper  part  in  places  ezhil 
a  oonglomerate  of  pebbles  and  small  boulders,  and  in  it  the  fbe 
are  chiefly  broken  as  if  rolled  on  a  beach.  The  lower  beds  oont 
the  fossils  whole  and  appear  to  have  been  formed  in  still  wal 
AmmoniieB  fsariane  and  Bplendem^  and  Seaphitee  sinaltis  are 
most  characteristic  fossils,  but  it  also  9ontains  abundantly  nodnlei 
a  ooprolitic  form,  composed  of  from  16  to  28  per  cent,  of  phosph 
of  lime." 

The  bed  is  stated  to  vary  in  thickness  from  one  to  three  feet,  a 
to  occur  all  round  Shanklin  and  St  Boniface  Downs  directly  im( 
the  Chalk  Marl ;  a  list  of  other  places  where  the  stratom  is  obse 
able  is  also  given. 

Nothing  is  added  to  this  description  in  the  Geological  Sur^ 
lilemoir  of  1862,  except  a  fuller  and  more  accurate  list  of  fiMsi 
Mr.  Best  informs  me  that  the  term  Chloritio  Marl  appears  to  hi 
been  first  adopted  by  the  Survey  during  the  year  1856,  as  it  is  i 
mentioned  in  the  Index  of  Colours  for  that  year,  but  is  contained 
the  fii*st  edition  of  the  Catalogue  of  Rock  Specimens  published  eai 
in  18o7.  It  may,  however,  have  been  used  in  the  field  before  tl 
date,  and  Prof.  Forbes  is  by  tradition  accredited  with  the  reoogniti 
of  the  fact  that  its  fauna,  though  peculiar,  links  the  bed  rather  wi 
Chalk  Marl  than  with  the  Greensand  below  ;  probably  this  was  I 
tween  the  years  1844  and  1848,  as  Prof.  Forbes  comments  upon  t 
list  of  fossils  originally  appended  to  Capt  Ibbetson's  paper  in  tl 
year.  Capt.  Ibbetson  also  refers  to  Messrs.  Austen  and  Nesbit 
having  mentioned  the  occurrence  of  the  Chloritio  Marl  at  Guildfo 
and  Farnham  respectively.  Tliese  gentlemen  in  1848  had  indicat 
the  exact  position  occupied  by  the  several  phosphatic  l)eds  in  t 
Cretaceous  series  of  Hampshire  and  Surrey,'  and  altbough  th< 
papers  do  not  contain  any  actual  mention  of  the  marl,  it  is  sul 
ciently  evident  that  one  of  the  phosphatic  beds  lies  in  the  uppermc 
grc«.'n  marl  described  by  Messrs.  Paine  and  Way  as  varying  in  thic 
ness  from  one  to  fifteen  feet,  and  that  tliis  is  mudb  on  the  sai 
horizon  as  tlie  bed  identified  by  Capt.  Ibbetson. 

This  was  also  the  view  taken  bv  Messrs.  Bristow  and  Whital 
in  tijeir  Memoir  on  Sheet  12  1 18G2j,  where  the  Chloritio  Marl 
m.'iiti«)nt.d  as  occupying  a  nanx)w  band  at  the  base  of  the  Cha 
Mirl,  ovorlying  the  Malm  Kock,  and  varying  in  thickness  from 
few  inches  to  ten  or  fifteen  feet.  Sections  of  this  marl  are  also  ( 
6cril)ed  in  the  hiter  Memoir  on  the  Weald  by  Mr.  Topley,  who  preft 

^  Xofis.  (to.,  on  the  Strata  «ff  the  Isle  <»f  "W'i^ht,  London,  lb49. 
'  Quart.  Juurn.  Geol.  Soc.  vol.  It.  i>p.  2o7  and  262. 
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to  olaas  it  with  the  Upper  Greensand,  but  remarks  that — "  In  the 
Memoir  on  Sheet  12  this  bed  was  described  as-  Chloritio  Marl,  and 
was  classed  with  the  Chalk.  This  was  done  at  the  suggestion  of 
Prof.  Edw.  it)rbes,  because  in  Dorset  and  in  the  Isle  of  Wight 
Seaphitea,  etc.,  were  supposed  first  to  appear  in  a  bed  which  is  con- 
sidered to  be  the  same  as  this."  To  this  difEerence  of  opinion  I  shall 
have  occasion  to  refer  again  presently. 

There  is  another  district  in  which  a  bed  has  often  been  described 
as  occupying  a  similar  position ;  this  is  the  outlying  area  of  Cre- 
taceous beds  in  the  counties  of  Dbvon  and  Dorset.  Mr.  Davidson,  in 
his  Monograph  of  the  Cretaceous  £rachio|X>ds,  gives  the  following  suc- 
cession as  seen  in  the  neighbourhood  of  Chard  and  Chardstock :  ^ — 

I.  Lower  Chalk  without  flints. 

II.  Chalk  Marl,  with  fine  Biliceoiu  and  chloritic  grains,  and  Am.   ManUUi, 
Diicoidea  eylindrieay.Hol.  ndfglobonu,  etc. 
III.  The  Scaphitee  Bid,  8  to  9  inches  thick,  a  compact  accumulation  of  fossils  and 
siliceous  grains  —  Seaphiies,  Nautilui  triangularii,    N.    Uevigatue,    Atn. 
'VariarUj  etc. 
rV.  V.  VI.  The  Upper  Greensand  in  three  heds. 

This  "Scaphites  bed*'  is  evidently  the  analogue  of  the  Chloritic 
Marl,  and  the  bed  below  is  described  as  distinctly  separated  from  it. 
In  1870  Mr.  Whitaker  divided  the  Upper  Greensand  of  Beer 
Head  from  glauconitic  beds  above,  which  he  doubtfully  referred  to 
the  Chalk  Marl,  and  which  he  showed  in  an  accompanying  section 
as  overlapping  the  lower  strata.'  Mr.  De  Eance  afterwards  made  a 
further  subdivision  of  the  beds  in>  West  Dorset,  establishing  a  suc- 
cession of  five  different  zones.' 

I.  Zone  of  Seaphitea  aqualie. 
II.  Zone  of  Pecten  aeper,  20  feet. 
III.  Zone  of  Exogyra  eonieay  15  feet. 
IV.  Fox-mould,  60  feet. 
V.  Cowstones  (?  40  feet). 

The  first  of  these  he  considers  to  be  the  Chloritic  Marl,  and  tLo 
last  he  refers  to* the  Upper  Grault,  leaving  the  three  middle  zones  in 
the  Upper  Gk^eensand. 

In  the  same  year  Mr.  C.  J.  A.  Meyer  published  a  pap^r  on  tl.e 
relative  horizons  of  the  Warminster  and  Black  down  deposits,*  in 
which  he  divides  the  beds  of  the  Beer  Head  district  into  a  numb^^  r 
of  zones,  and  groups  these  into  four  larger  divisions,  viz.  the  Black - 
down  beds,  the  Upper  Gkeensand,  the  Warminster  beds  and  tlio 
Chalk  Marl,  thus  limiting  the  Upper  Gkeensand  still  more  by  sep.i- 
rating  from  it  the  Warminster  beds  or  Pecten  aeper  zone,  reducing  it 
indeed  to  little  more  than  the  equivalent  of  the  Ex.  conica  zone  of 
3Ir.  De  Ranee.  Speaking  of  the  Wfirminster  beds  he  says,  "  They 
are  seen  to  cap  the  Upper  Greensand,  and  are  therefore  in  reality 
Chloritic  Marl,"  a  conclusion  which  he  considers  to  be  borne  out  1  >y 
the  evidence  of  the  fossils. 

As  however  the  fauna  of  the  Warminster  beds  has  subsequently 
been  found  in  the  Upper  Greensand  of  the  Isle  of  Wight  below  tl.o 

1  Pal.  Soc.  Mem.  1852,  p.  114. 

'  Quart.  Joum.  Geol.  S c,  vol.  xxvii.  p.  98. 

*  Obol.  Mao.  Dec.  II.  Vol.  I.  p.  196. 

*  Quart.  Joum.  GeoL  Soc.  vol.  xix.  p.  369; 
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CUIoritio  Mrirl,  it  is  o\-ident  that  this  identification  la  not  corrwt 
tlint  tbeee  beds  must  be  restoreil  to  tbe  Upper  Qreeusand.' 

The  mistake  vraa  probably  cauBed  by  tbe  esistenpe  of  rem 
fossils  from  the  Warminster  beds  in  tbe  Cbloritio  Marl  of  tlit 
iif  "Wight,  imparting  to  its  fanua  the  semblance  of  that  below : 
iif'pears  to  be  also  the  case  with  its  probable  equivalent  ia  the  Dt 
shire  flection,  namely,  that  nombered  IS  by  Mr.  Meyer,  whic 
<]esonbes  as  resting  upon  an  uneven  surface  of  the  bed  below, 
as  ooutaining  numerous  pliosphate  nodules  and  casts  of  shells, 
of  which  ho  regards  as  having  probably  been  derived  from  the  en 
uf  the  beds  below.  Ho  rigjitly  considers  tliis  bed  as  formiuf 
baae  of  the  Ohalk  tILail,  and  remarks  upon  the  importance  u 
line  formed  by  its  marked  scparatiou  from  the  Wanntneter  bede 

The  paper  indeeil  is  a  valuable  one,  for  though  mistaken  iu 
particular,  he  oorreotly  states  tbe  infra- position  of  the  Blackdov 
ilie  Warminster  beds,  and  of  the  latter  to  what  is  really  the  Chli 
^l&il ;  the  true  relations  of  these  beds  had  not  before  been  a 
tained,  and  the  lisis  of  fossils  afford  the  moans  of  deteiiuiDiDg 
recognizing  the  beds  over  a  larger  area. 

I  have  previously  drawn  attention  to  the  similarity  between 
cunditionfi  presented  by  tbe  base  of  tbe  Chalk  Marl  in  Devon 
and  those  observable  in  the  Cambridge  Greensand ;'  there  ca 
thin'k,  be  litlle  doubt  that  the  two  beds  occupy  exactly  the  i 
horizon,  and  that  the  fossil  contents  of  both  are  to  a  greatc 
leas  extent  remauUa.  There  is,  however,  this  great  differenet 
iween  the  two  sets  of  derived  fossils,  viz.  that  the  one  of  i 
was  derived  from  the  feuna  of  the  Warminster  beds,  and  tbe  ( 
fiom  that  of  the  Upper  Gault ;  the  reasons  of  this  difference  I 
:iUo  fully  explained.'  The  Cambridge  bed  has  been  describe 
'  Ijluiiliu  Marl  by  the  Rev.  T.  G.  Bouney  in  a  paper  read  b 
1  ic-  Geologists'  Association  in  1872,'  and  more  recently  in  his  ( 
IridgL-sliire  Geology,  but  without  distinctly  comparing  it  to 
CUIoritio  Marl  of  the  Isle  of  Wight  ^  in  the  former  paper,  inc 
he  was  inclined  to  regard  it  as  to  some  extent  the  ei^uivalei 
ibe  Upper  Greeusand,  but  adds  at  p,  19,  "It  must,  howevei 
remembered  that,  probably,  our  Cambridge  bed  is  rather  Tii 
tajcial  tlian  absolutely  contemporaneous  with  some  at  least  ol 
more  western  develqjments  of  the  South  of  England  Upper  Gi 
i-!jnds."  I  think,  hinwever,  I  am  not  misrepresenting  Mr.  Bom 
preBeut  views  in  saying  that  he  concurs  with  me  in  considering 
^S^odule  Bod  as  farming  the  actual  base  of  the  Chalk  Marl, 
ilierefore,  as  the  exact  equivalent  of  the  Cbloritic  Marl  accui 
to  its  more  recent  definition. 

'  Bve  Bnrroie,  Sui  I'agc  des  concbes  do  Blackduirn,  Ann.  Soc.  Ceol.  du 

<  Quart.  Jaum  Oeol.  Soc,  toL  mi.  p.  273. 

*  The  fnrl  oF  thu  paiim  nbaence  of  the  characCeriatio  fowils  of  tbe  'Wnrminslc! 
1  the  C«mbridge  Grrensand  i»  saffloient  proof  that  Xhtee  beds  wofb  never  Jrp 
1  ihnt  area,  lue.  dr..  pp.  272.  S73. 

'  Proc.  Oeol.  Aasoo^  vol.  uL 
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Db.  Barrois'  Classification. 

Having  now  reviewed  the  various  descriptions  and  definitions 
hich  have  been  given  of  the  Upper  Greensand  and  Chloritio 
[arl  up  to  the  year  1875,  I  proceed  to  notice  those  given  in  the 
^cently  published  researches  of  Dr.  Ch.  Barrois,^  which  have,  I 
)nceive,  gone  far  towards  harmonizing  the  conflicting  opinions 
reviously  existing  with  regard  to  the  constitution  and  im- 
3rtanoe  of  these  beds,  and  towards  establishing  a  more  natural 
Lcthod  of  grouping  the  strata  in  thb  portion  of  the  Cretaceous 
)ries. 

In  this  work  Dr.  Barrois  has  shown  that  a  proper  understanding 
:  the  Cretaceous  system  (as  of  all  other  systems)  can  only  be 
:tained  by  one  who  unites  the  qualifications  of  a  palssontologist 
ith  those  of  a  field-geologist ;  and  no  one,  I  think,  can  study  the 
iges  of  his  *'  Recherches  "  without  admitting  that  he  himself  pos- 
isses  these  qualifications  in  an  eminent  degree. 

He  has  also  reminded  us,  or  rather  takes  for  granted  that  we 
^member  what  some  of  us  seem  apt  to  forget,  that  lithological 
laracters  alone  form  untrustworthy  foundation  for  rock-groups, 
lat  the  same  stage  or  formation  can  be  a  clay  in  one  district  and 

marl  or  sandstone  in  another,  that  Gault  may  include  sand  as 
ell  as  clay,  and  that  this  is  particularly  the  case  with  the  Upper 
ault  or  zone  of  Ammonites  inflatus. 

Working  on  these  data  he  has  determined  the  existence  of  a  succes- 
on  of  palfldontological  zones  from  the  Gault  upwards  throughout  the 
halk,  and  carefully  followed  them  over  the  Cretaceous  areas  of  the 
ritish  Isles. 

The  first  four  of  these  zones  are  as  follows : — 

1.  Zone  oi  Amm,  »n/?a^tM  =  Blackdown  Beds. 

2.  „      Ptfc/^/}  a^^rs  Warminster  Beds. 

3.  Chloritio  Marl. 

4.  Zone  of  Holaster  gubglobosu9=^Q!\isXk,  MarL 

Hegarding  the  first  two  of  these  divisions,  he  says  (p.  71),  *'The 
pper  Greensand,  as  defined  by  Berger,  Inglefield,  Webster,  Fitton, 
id  Ibbetson,  appears  to  me  everywhere  divisible  into  two  zones ; 
le  zone  of  Am.  inflatus,  and  the  zone  of  P.  asper.  The  fauna  of 
ve  Upper  Greensand,  being  a  mixture  of  these  two  faunas,  had  of 
^cessity  relations  with  both."  Again  at  p.  105,  *^  I  had  thought 
lat  the  lithological  characters  of  the  Upper  Greensand  would  make 

a  special  division,  distinct  from  the  other  horizons ;  but  I  was 
3ceived,  and  in  the  Upper  Greensand  of  the  Isle  of  Wight,  as  in 
lat  of  the  rest  of  England,  there  are  two  perfectly  distinct  faunas, 
lat  of  Blackdown  and  that  of  Warminster."  The  case,  however,  is 
Dt  quite  so  simple  as  would  appear  from  this,  for  the  lower  and 
ayey  portions  of  the  Amm.  inflatus  zone  have  always  been  ex- 
uded from  the  Upper  Greensand  ;  the  two  zones  therefore  do 
}t  exactly  form  its  equivalent,  since  they  include  more  thtm  the 
pper  Greensand. 

*  Recherches  sur  le  Terrain  Cr^tae^  sup^rieur  de  I'Angleterre  et  de  T  Ireland,  pur 
1.  Barrois,  D.Sc.    LiUe,  1876. 
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I  will  now  give  Dr.  Banois*  interoretatioiiii  of  the  eeetiou  n 
the  three  areas  we  have  been  ohi^r  ooncemed  with,  tie.  ik 
Weald,  the  lale  of  Wight,  and  the  Western  area.  In  the  Ids  oC 
Wighl^  at  St  Lawrence,  he  gives  the  following: — 

Zona  I.  Amm.  iff/Uiim.  Vmi 

A.  Hictoeoni  and  Olanoonitic  tandi,  with  blatsh  argiOaeeoiis 

btndi  tt  tih6  bottom •    •    •■•    ••■    lOS 

B.  Yellowish  sanditone,  with  hard  nlioeoDi  handi  .^    IS 

Zone  II.  JWfMi  MMT. 

I  C.  Greenauia  with  phoiphate  nodalee      ...    •••    •••        S 

\D.  Bands  of  ncen  landitoiie  and  bluish  ohert S4 

£•  Onioritiio  Jtarl      •••    •••    •••    .••    •••    •••    •••    ••.     •••        7 

A  certain  similarity  will  be  notioed  between  this  seotion  and  those 

previously  given,  all  of  them  being  capable  of  a  natozBl  divisbn 

into  two  unequal  portions,  to  the  upper  of  which  aU  unite  in  giving 

a  thickness  of  80  to  36  feet    Moreover,  the  lists  given  1^  Dr. 

Barrels  from  these  two  divisions,  in  the  Isle  of  Wight  and  the 

neighbouring  county  of  Dorset,  show  that  they  contain  two  diffarait 

groups  of  fossils,  the  one  of  which  corresponds  with  that  found  id 

the  Uppei^  Qault  and  Blackdown  beds,  while  the  other  resembles 

the  Warminster  &una.    In  Surrey  (p.  141),  he  looks  upon  the 

lower  soft  sandstones  and  marls   as  belonging  to  the  tone  of 

Am,  in/latuB,  and  upon  the  Firestone  as  representing  the  aone  of 

P.  osper.    In  Hampshire  he  gives  an  account  of  the    beds  near 

Fetenfield  (p.  86),  and  thus  describes  them — 

Feet 

1.  Soft,  micaceons  sandy  beds,  with  Am.  i^/UUu$ :.       76 

2.  Coarse  quartzose  saniis  and  sandstones 16 

8.  Marly  bed  with  glauconite  and  nodules  of  phosphate  of 

lime  (no  fossils  seen) 3 

The  second  be  refers  to  the  Warminster  beds  or  Pecten  cuper  zone, 
and  the  last  be  assimilates  to  the  Cbloritic  Marl ;  remarking  *'  that 
these  two  horizons  have  not  before  been  identified  in  this  part  of 
Hampshire."  He  also  mentions  a  road  section  near  Binstead,  where 
a  similar  nodule  bed  is  seen  resting  on  coarse  greensands,  which  be 
considers  to  represent  the  Pecten  asper  zone ;  he  does  not  give  any 
very  definite  opinion  regarding  the  position  of  the  Malm-rock,  but 
he  does  not  seem  to  distinguish  it  from  Firestone. 

The  superposition  of  the  Warminster  beds  to  those  of  the  Black- 
down  or  Amm,  in  flatus  zone  is  stated  to  be  visible  in  the  vales  of 
Warminster  and  Pewsey,  even  if  it  had  not  been  so  clearly  indicated 
by  Mr.  Meyer  in  Devonshire. 

He  adopts  Mr.  Meyer's  account  of  the  series  of  beds  exhibited 
near  Beer  Head  as  giving  an  accurate  description  of  the  dififerent 
horizons,  but  difiers  from  him  in  the  correlation  of  the  several 
groups ;  admitting  the  existence  of  a  Blackdown  fauna  (belonging 
to  Etage  A)  in  the  beds  numbered  2  and  3,  he  does  not  think  that 
Nos.  4,  5  and  6  are  sufficiently  different  to  be  separated  from  the 
lower  beds,  and  as  they  contain  large  Pecten  ircostatus  and  Ex. 
eonica,  he  refers  them  to  Etage  B  of  the  same  division  or  zone  (see 
ante).  No.  7  he  considers  to  be  a  pebble  bed  separating  the  two 
divisionsi  and  he  gives  to  the  lower  or  Am.  in^ius  zone  a  thickness 
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of  75  ft.  Nob.  8  and  9  he  parallels  with  his  Etage  0,  and  numbers 
10,  11,  12  he  agrees  with  Mr.  Meyer  in  referring  to  the  fossiliferous 
portion  of  the  Warminster  beds ;  thus  giving  to  the  whole  zone  of 
P.  (uper  a  thickness  of  21  feet  Nos.  13  and  14,  called  Ohalk  Marl 
by  Mr.  Meyer,  he  correlates  with  the  Chloritic  Marl,  though  ad- 
mitting the  possibility  of  the  latter  bed  being  the  attenuated  repre- 
sentative of  his  Holaster  aubglohosus  zone  or  Chalk  MarL 

He  proceeds  to  trace  these  several  stages  through  Devon  and 
Dorset,  but  we  must  not  forget  that  Mr.  De  Banco  had  accurately 
described  them  in  1874,  and  had  even  given  the  same  names  to  two 
of  the  groups ;  had  he  indeed  ventured  on  a  more  extended  corre- 
lation of  the  z(Hies,  he  would  perhaps  have  anticipated  Dr.  Barrois* 
division  of  the  Upper  Greensjand;  referring  to  the  tables  before 
^ven,  it  is  evident  that  zone  I.  of  Db  Banco  =  Etage  E  (Chloritic 
l^Iarl),  that  zone  II.  r=  Stages  D  and  E  (Pecten  aaper),  zone  III.  = 
Etage  B  (Ec.  eonica),  while  the  Fox-mould  and  Cowstones  repre- 
sent Etage  A  of  the  Am,  imflcUw  zone. 

The  section  on  the  northern  side  of  Swanage  Bay  has  also  been 
recently  described  by  Mr.  H.  G.  Fordham,^  who  divides  the  Upper 
Greensand  into  its  loeal  component  beds ;  he  informs  me  that  he 
would  assimilate  the  first  three  of  these,  with  a  total  thickness  of  26 
feet,  to  the  P.  asper  zone,  and  refer  the  remaining  40  or  50  feet  to 
the  Am,  inflatus  zone  of  Dr.  Barrois. 

Begardii^  the  Chloritic  Marl  he  says  that  its  junction  with  the 
underlying  Upper  Greensand  i»  irregular  but  well  marked,  and 
further  on,  "I  have  used  the  term  Chloritic  Marl  to  signify  the  lowest 
bed  of  the  Chalk  Marl,  which  is  characterized  by  the  presence  of 
glauconitic  grains,  and  a  Chalk  Marl  fauna,  mixed  with  many  derived 
phosphatio  easts  of  fossils.*'  Its  thickness  he  gives  as  4  feet,  and 
correlates  it  with  the  Cambridge  phosphate  bed  and  No.  13  of  Mr. 
Meyer's  section. 

Concluding  Remarks. — As  I  ceneeive  we  now  possess  a  knowledge 
of  the  true  order  and  succession  of  the  Greensand  beds  above  the 
Gault,  together  with  a  more  accurate  conception  of  their  character, 
contents,  and  extent,  it  only  remains  for  me  to  make  a  few  remarks 
on  the  application  of  the  terms  Chloritic  Marl  and  Upper  Greensand, 
and  to  indicate  one  or  two  points  that  seem  to  require  still  further 
investigation. 

From  the  foregoing  sectional  evidence  I  think  it  is  clear  that  no 
break  occurs  in  tlie  series  from  the  base  of  the  Gkult  upwards  till 
we  reach  the  so-called  Chloritic  Marl,  and  that  here  there  is  a  weU- 
marked  discontinuity,  both  stratigraphical  and  palsBontological. 
The  line  of  separation  and  slight  erosion  at  its  base  in  the  south- 
west becomes  more  decided  when  traced  to  the  north-east,  and  the 
small  indigenous  fauna,  when  the  numerous  derived  fossils  are 
separated  from  it,  is  found  to  differ  very  little  from  that  of  the 
Chalk-marl,  and  to  be  quite  distinct  from  that  of  the  Pecten  asper 
zone.  In  the  Wealden  area  the  line  of  division  appears  to  be  less 
clear,  there  has  been  less  erosion,  and  the  bed  contains  fewer  fossils 

>  Proo.  Geol.  Aasoo.  toI.  iy.  p.  8. 
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either  indigenous  or  derivative ;  it  has  on  this  aoooant  hemgeuBaBj 
confused  with  the  sands  below,  and  the  tvro  together  have  htm 
called  Chloritio  Marl.  Dr.  Barrois,  however^  has  shown  that  it  ii 
divisible  from  these,  sands  in  Hampshire,  and  it  aeems  probable  tint 
the  latter  are  lenticular  beds  belonging  to  the  P.  aeper  aone  sons- 
times  attaining  a  thickness  of  10  or  15  feet  and  aometiinea  tliiiiiui!^ 
out  altogether,  while  the  thin  bed  of  sandy  marl  with  glanoooitic 
and  phosphate  nodules  has  a  wider  extent,  aad  is  probably  to  be 
found  at  the  base  of  the  Chalk-m^l  all  round  the  Wrald ;  its  exiit- 
ence  is  very  marked  in  the  neighbourhood  of  Maidstone,  whsrs  it 
directly  overlies  the  Qault,  as  at  Cambridge,  without  the  intezpositiOB 
of  any  Upper  Oreensand  strata  whatever. 

The  tMckness  oi  this  bed  is  rarely  more  than  3  or  4  feet,  bit 
it  passes  gradually  upwards  into  the  Chalk-marl  from  which  it  ii 
inseparable,  except  so  far  as  its  green  grains  and  phosphate  nodnln 
give  it  a  character  of  its  own.  Thus  it  is  clear  that  the  narrow  sooo 
of  glauconitic  marl  lying  at  the  base  of  the  Chalk  cannot  be  con- 
sidered as  forming  a  separate  division,  and  therefore  does  not  merit 
such  a  name  as  that  of  Chloritio  Marl,  which  at  once  snggests  a 
comparison  with  the  Chalk-marl,  and  gives  it  an  importance  far 
greater  than  it  possesses ;  moreover,  it  has  often  been  pointed  out 
that  the  name  itself  is  based  on  a  misconception,  in  aa  much  as  the 
green  grains  are  not  composed  of  Chloriie  but  Glaucanitej  and  I 
therefore  agree  with  Mr.  Whitaker  and  Mr.  Price  in  advocating  the 
entire  abandonment  of  the  name. 

Since,  however,  the  bed  itself  does  exist  as  a  zone  subordinate  to 
the  Chalk  Marl,  it  is  desirable  that  some  name  indicative  of  this 
should  be  assigned  to  it ;  Mr.  Davidson  and  Mr.  De  Banco  have 
called  it  the  zone  of  Scaphites  aqualiSf  and  perhaps  that  name  can  be 
adopted ;  at  the  same  time  it  may  be  observed  that  this  fossil  is  both 
of  wide  and  partial  distribution  ;  it  is  known  to  oocur  both  in  the 
beds  above  and  below,  while  in  some  areas,  as  at  Cambridge,  it 
does  not  seem  to  exist  in  the  zone  of  which  it  is  supposed  to  K* 
characteristic.  It  maj'  therefore  be  found  more  convenient  to  indi- 
cate this  horizon  by  one  of  the  numerous  sponges,  which  it  every- 
where contains,  and  which  are  now  being  described  by  my  friend 
Mr.  W.  J.  SoUas.  Or,  lastly,  it  may  have  to  be  amalgamated  with 
the  horizon  immediately  succeeding  it,  which  Dr.  Barrois  calls  the 
zone  of  Plocoacyphia  maandroidesy  further  information  being  required 
concerning  the  persistence  of  this  band  and  its  relation  to  the  marl 
below. 

Finally,  it  is  desirable  that  some  more  clear  definition  of  the 
Upper  Oreensand  should  be  given.  I  remember  Prof.  Hamsay  once 
observing  that  Gault  and  Oreensand  were  the  same  thing,  and 
doubtless  they  are  in  the  sense  that  no  hard  and  fast  stratigraphioil 
line  can  be  drawn  between  them,  but  taken  as  a  whole  it  is  found 
that  the  series  can  be  divided  into  three  groups  of  beds,  each  con- 
taining a  peculiar  fauna  of  its  own,  and  worthy  of  a  separate  name. 

Dr.  Barrois  says  that  the  English  Upper  Oreensand  consists  of  twci 
a|rt8,  which  he  calls  the  zones  of  Am,  inflatus  and  Fecten  aeper,  but 
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\  is  not  strictly  true,  because  the  former  zone  contains  beds  of 
lit  Clay  which  have  never  been  included  in  the  Upper  Greensand. 
3  real  fact  is,  that  recent  researcho^  have  shown  the  formations 
>wn  as  Gault  and  Upper  Greensand  each  to  consist  of  two 
isions,  but  the  lower  part  of  the  one  being  united  palaeonto- 
ically  with  tiie  upper  n>ember  of  the  other,  only  three  well- 
rked  groups  can  be  established.  Supposing,  therefore,  that  the 
aes  of  Gault  and  Upper  Greensand  are  still  retained,  we  must 
ide  to  which  of  the  two  this  intermediate  zone  more  probably 
Dngs,  whether  in  fact  we  should  extend  the  Greensand  down- 
rd  or  the  Gault  upward.  I  would  advocate  the  latt^  measure, 
I  the  restriction  of  the  term  Upper  Greensand  to  the  group  of 
!s  containing  a  Warminster  fauna  ;  with  regard  to  stage  B, 
taining  Ex,  conica  (the  Upper  Greensand  of  Mr.  Meyer),  I  do 
think  Dr.  Barrois  gives  very  strong  reasons  for  classing  it  in 
lower  division ;  it  is  true  thieit  it  does  not  contain  many  fossils, 
I  that  these  do  not  indicate  any  marked  affinities,  but  the  large 
\ira  cequicosiata  is  I  think  mostly  found  in  the  Warminster 
Is ;  its  Hthological  constitution  certainly  links  it  rather  with 
upper  than  the  lower  beds.  I  would  suggest,  therefore,  that 
zone  B  of  Ex.  conica  be  included  with  the  Warminster  beds, 
I  that  the  limit  of  the  lower  division  be  placed  at  the  shingle 
Is  in  No.  4  of  Mr.  Meyer's  section.  The  upper  division  would 
n  consist  of  two  parts,  zone  of  Pacten  asper  and  zone  of  Ex. 
ica,  De  Eance,  the  lower  of  which  may  be  taken  as  forming  the 
e  of  the  Upper  Greensand.  As  a  matter  of  fact  this  bed  has 
ays  been  included  in  that  formation,  and  it  would  -cause  great 
fusion  if  in  retaining  the  term  we  excluded  this  part  of  it ;  the 
>fold  constitution  of  the  Greensand  is  well  seen  at  Wantage, 
ere,  according  to  Mr.  E.  C.  Davey,  30  feet  of  soft  greensands  ai-e 
ierladd  by  6  feet  of  firestone. 

General  Classification. 

!e  Marl  with  small  Bracbiopods                         )  Feet 

b  Zone  of  Floeon.  maandroidea                            >  40—80 
a  Glaucanite  (Chloritic)  Marl                           ^ 

ler  Greensand     }      ^wminster  beds  =  zones  of  P.  <uper  and  •  3g_^g 
i          Ex,  conica  (De  Kance)                               ) 

Gault            i       Blackdown  'beds    or    zone   of   Ammonites )  g* .qq 

-«■»•'     !  ^iS.d'^SiL;.""" ""  ^'"•}  30-160 

•er  Greensand  |  '^'^Jl^^'^-^Xl^''- '^'"\  \  ?-"» 
rhe  arrangement  above  suggested  has  also  the  merit  of  necessita- 
l  only  a  very  slight  alteration  in  the  lines  on  the  published 
vey  Maps,  the  term  is  rendered  lithologically  applicable,  and  a 
nite  fauma  is  secured  to  the  formation  instead  of  a  mixture  of 
»  different  groups.  It  is  true  that  the  lists  of  Upper  Greensand 
lils  will  have  to  be  revised,  and  those  excluded  which  belong  to 
lower  zone ;  but  that  was  requisite  in  any  ccLse,  and  I  venture  to 
•e  that  in  the  future  care  will  be  taken  to  indicate  the  exact 
dity  and  horizon  where  any  particular  fossil  or  fossils  are  found. 
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I  conclude  witb  appeniling  a  table  in  wliich  ths  various  local  beji 
are  correlate<I  as  fur  m  possible  witli  one  anotlier.  I  iroold  pwtf 
out  that  tbe  horizon  of  tlie  Malm-rock  ia  Bomewbat  ancertain,  Int 
that  its  fauna  apjiears  to  belong  to  that  of  the  P.  aaper  zone ;  il«> 
that  I  have  iaoluded  Btage  B.  and  beds  5  and  6  of  the  Devon  sertJeo. 
in  the  same  division,  thus  giving  to  it  a  tLickness  of  from  Sotii 
45  feet. 

Wliile  thus  endeavouring  to  limit  satiBfaatorily  the  three  atagn 
into  wiiicb  the  Gault  and  Greenland  can  be  divided,  and  ivbloii  H 
is  important  to  recognize,  it  must  bo  remembered  that  they  twUj 
pass  into  one  another  and  form  a  continaoua  aeries;  so  that  it  it_ 
iiripoBsible  to  draw  very  definite  lines  between  theni  suob  ks  Q^ 
wbicli  does  exist  above  tbe  P.  aiper  zone  and  divides  it  fFom  Urn 
overlying  Chalk -marh 

CoBPSiUTrTE  Sbci 
|Folke«tone   Merrthnm  ;  Selhoume  ■I.ofWight      Dptoii      I  WiltihirB 
(Borrois)  \0£ol.  Sur.)    (Bsrrou)       (Me;er)        (Bt 

Chftlk  Marl  Cbnlk  Mar! 


{  '  Halm  Rock 

Sandj  and  ,I.owm-a(inda  San  df  marls 
roarljolttj-s,  ami  moiU 

Gault  claya        Oaall      Ganlt  (part) 


Sands  and  |     2  tc 
Sandy-clnj-B  Blackdown 

=  A.      I      fauna 
Bhck  clay.    Black  clay 


WanaiDiter    Ab*il 


Micaceon*    Ahsnti 
Bands  aad  I  but  id 

Dark 'da;  I     GuU- 


I. — pROFEBSon  Owen'b  Fossil  MAiniALS  of  A.U8tbalia. 

IN  pursuance  of  his  aim  to  leave  records  of  the  vertebrate  fossila  of 
our  Colonies,  Prof.  Owen,  after  the  issue  of  bis  "  Catalogue  of  the 
Fossil  Reptilia  of  South  Africa  "  (4to.  1876),  proceeded  to  prepare 
for  press  bis  notes  "On  tbe  Fossil  Mammals  of  Australia,"  portions 
of  which  have  from  time  to  time  appeared  in  the  "  Philosophical 
Transactions."  To  the  materials  systematically  arranged  in  the 
work  now  issued  he  has  premised  a  chapter  on  the  Fossil  Marsupials 
of  Great  Britain,  the  whole  being  included  in  two  quarto  volumes. 
one  of  text  (pp.  522,  with  interspersed  woodcuta)  ;  tbe  other  of 
plates,  132  in  number,  under  the  title  "  KesearoheB  on  tbe  Fossil 
Bemains  of  the  Extinct  Mammals  of  AustTslia."  The  aim  of  this 
work  ia,  mainly,  to  afford  tbe  Australian  students  of  Paleeontology  a 
ready  means  of  comparisoa  of  the  mammalian  fossils  which  may 
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rc»  oome  under  their  obBervation ;  and  for  this  purpoee  illnstrationB  of 
[r  the  osteology  and  dentition  of  existing  Marsupials  are  given,  more 
z  especially  of  species  of  the  families  of  the  Kangaroos  {Macropodida) 
rs  and  Wombats  (FhcueolomyidcB), 

Of  the  genus  Diprotodon,  indicated,  in  1835,  by  a  fragment  of  lower 
*  jaw  with  an  incisor  of  a  young  individual,  fossil  evidences  since  re- 
oeived,  and  described  in  this  work,  have  enabled  the  author  to  give 
!  a  restoration  of  the  skeleton  of  the  largest  species  (D.  australis). 
r  Of  the  genus  Nototherium  much  of  the  skeleton  is  restored  and  three 
'    species  defined — N,  HitchelUi,  N,  VictoHa,  and  N.  inerme. 

An  extinct  genus  (Fhaacolonus),  of  the  Wombat  family,  is  founded 
:  on  fossils  indicative  of  a  species  which  attained  the  bulk  of  a  Tapir ; 
and  evidences  of  five  extinct  species  of  Fhascolomys  are  adduced 
from  fossils  more  nearly  the  size  of  the  existing  Wombat  In 
addition  to  laVger  species  of  the  existing  genus  MacropiiSf  e.g.  Mdcr, 
Titan,  the  author  adduces  characters  of  the  dentition  and  limb^  re- 
ferable to  seven  extinct  genera  of  the  Kangaroo  family. 


n. — Note  pbI:liminaire  sub  le  terrain  Silurien  de  l'ouest  db 
LA  Bretaone.  Par  Dr.  Chas.  Barrois.  (Ann,  de  la  Soc.  Geol. 
du  Nord,  vol.  iv.  p,  38.) 

IN  this  paper  the  author  pursues  a  similar  course  with  regard  to 
the  Silurian,  to  that  which  he  took  a  short  time  since  with  the 
Devonian  deposits  of  this  district.^ 

The  stratified  deposits  in  this  locality  rest  on  the  Qneiss  of  Brest, 
and  are  divided  by  the  central  granite  plateau  of  Brittany  into 
two  great  masses,  a  northern  and  a  southern,  each  of  which  is  again 
subdivided  into  eastern  and  western  basins,  and  it  is  the  Silurian 
beds  in  the  western  basin  of  the  southern  mass — the  Finisterre  basin 
— that  are  here  treated  of.  They  consist  of  a  series  of  schists, 
sandstones  and  quartzites,  and  may  be  tabulated  as  follows,  com- 
mencing with  the  Gneiss  de  Brest,  then  follow  in  ascending  order : — 
Mica-schists ;  Phyllades  vertes  de  Douamenez ;  Poudingues  et  Scbistes 
rouge  lie-de-vin  du  Cap  la  Chevre ;  Grfes  blancs  des  Montagnes 
Noires  &  Scolitu8  linearis  ;  Schistes  de  Morgat  a  Calymene  Triatani, 
the  most  fossiliferous  division  of  the  group ;  Schistes  et  Quartzites 
de  Plougastel.  The  last  named  have  been  classed  by  some  previous 
observers  as  Devonian ;  but  are  considered  by  M.  Barrois  to  be  of 
Silurian  age,  and  the  equivalents  of  the  "  Gres  blancs  sans  fossiles  " 
of  Dalimier  in  the  Bennes  and  Cotentin  basins. 

M.  Barrois  maintains  that  these  Silurian  beds  of  the  Finisterre 
basin  exhibit  precisely  the  same  divisions  as  in  the  better  studied 
regions  of  the  province ;  the  modem  ideas  of  their  true  stratigraphy 
being  founded  on  misconceptions  as  to  the  real  age  of  the  schists 
and  quailzites  of  Plougastel,  whilst  a  large  fault  running  down  the 
valley  of  the  river  Elom  and  the  estuary  of  Brest  has  been  entirely 
overlooked. — B.  B.  W. 

'  Ann.  de  la  Soc.  G6ol.  du  Nord,  vol.  iv.  p.  59;  Geol.  Mao.  June,  1877,  p.  260. 
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HI. — NiTPBAi,  H18TOBY  Tbabbactionb  of  N( 

DuBHAM.  Vol.  V.  Part  111,  ^London:  Messrs.  Williams  ami 
Norgate.) 
rpHlS  number  cfflotaina  two  palfeontological  papers  of  interest  Tiie 
X  first,  "On  the  Skull  and  other  Bones  of  Loxcnana  Mlmania. 
Hux.,  from  the  Low  Waui.  Newsham,  Nortbnmberlftod,"  by  Messn. 
Dennis,  Embleton,  and  T.  Atthey,  coutaios  a  most  careful  ami 
inmate  description  of  the  most  complete  specimen  of  the  skull  of  this 
reptile  yet  found,  the  upper  aurfaoe  and  border  beiug  perfect.  CloR 
by  it  wore  fonnd  the  two  halves,  right  and  left,  of  a  lower  jaw. 
fitting  it,  and  probably  belonging  to  the  same  individual,  as  well  a 
some  vertebrtB,  ribs  and  other  bones.  When  viewed  from  above,  the 
skuil  has  a  general  resemblance  to  that  of  Archegotaurut  and  tb* 
Crocodilia,  and  of  the  latt«r,  the  Alltgntor  rather  thim  tlie  Crocodile. 
The  teeth  are  nearly  all  broken  off  transversely,  aiid  exhibit  a 
beantiful  iabyrintbodontine  structure,  which  is  well  figured  cm  pi.  ir. 

Its  atQiiities  with  the  fishes  are  shown  by  the  existence  of  nii? 
concave  articular  Burface  instead  of  a  condyle  or  condyles,  and  by  ih* 
existence  of  two  facets  on  the  cxoocipilals  for  articulatiou  with  tli« 
neural  arcb  of  the  atlas ;  whilst  tlie  £arui,  size,  and  solidarity  of  the 
bIcuII,  together  witJi  its  peculiarly  reticulated  surface,  resemblee  that 
of  the  Alligator.  Its  zoological  position  is  defined  as  being  between 
the  Solamandroid  fishes  and  the  Crocodilio. 

The  second  paper  contains  an  oqnally  elaborate  description,  by  Mr. 
T.  Atlhey,  of  the  largest  by  far  of  tlie  tliree  Labvrintljodunts  yyt 
found  ill  the  SorthumberliUid  Coid-&<,ld—A.,lh'i'ro,'au,-vK  Ii<i>s(ir>. 
Hux.  llie  parts  treated  of  are  the  upper  and  under  surface  of  the 
skull,  both  rami  of  the  mandible,  the  teeth  scutes  and  other  bones. 

The  plates  illustrating  these  two  papers  ore  admirably  executed.— 

B.  b;  w. 


I. — Thb  Laee  Dwellinos  of  Switzerland  and  other  Parts  of 
EuKorR.  By  Dr.  Ferdinand  Kelleh.  Translated  and  arrangnl 
by  .JoUN  Edwasd  Lee,  F.S.A,.,  F.G.S.,  etc.  Forthcoming  second 
edition.     (London,  Longmans,  Green  &  Co.) 

(pr.ATE  XI.) 

STUDENTS  of  Prehistoric  Archteology  in  this  country  are  largely 
indebted  to  Mr.  John  Edward  Lee,  of  Torquay,  for  the  valuable 
fTvice  lie  has  rendered  them  in  presenting  to  English  readers  so 
i-xcellent  a  version  of  Dr.  Ferdinand  Keller's  great  work  on  the 
Lake-Dwellings  of  Switzerland,  noticed  by  us  in  the  Groloqical 
Magazine  for  18fi6,  Vol.  III.  p.  4G0. 

So  thoroughly  has  Sir.  Lee's  labour  been  appreciated,  that  a  new 
eiiition  has  been  called  for,  and  is  actually  completed,  and  will 
sliortiy  appear. 

Ill  the  eleven  years  that  have  Intervened  since  the  appearance 
of  tbe  first  edition,  the  Swiss  antiquaries    have  largely    added 
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to  tbeir  fund  of  information  concerning  these  lacustrine  habi- 
tations, the  peoples  that  inhabited  them,  their  domesticated  animals, 
the  beasts  of  the  chase  which  they  hunted,  their  weapons,  and  the 
rude  arts  and  manufactures  which  they  practised.  Other  sources  of 
information  have  also  been  largely  drawn  upon  in  order  to  show 
that  lake-dwellings  existed  in  other  parts  of  Europe,  and  also  in 
Ireland,  Scotland,  and  Wales,  which  in  many  respects  may  be  con- 
sidered analogous  to  certain  peculiar  constructions  found  in  Switzer- 
land, although  of  later  date.  The  translator  has  contributed 
liberally  from  his  own  stores  of  antiquarian  lore  towards  the  inter- 
pretation of  innumerable  points  of  interest  bearing  upon  the  fabri- 
cation and  uses  of  the  thousand  and  one  objects  which  have  been 
dug  or  dredged  up  from  amid  the  pile- works  of  these  truly  wonderful 
Ffahlbauten. 

The  new  edition  is  largely  increased  as  regards  the  number  of  its 
illustrations,  as  well  as  in  the  subject-matter  contained  in  the  text  itself. 

The  book  is  far  removed  from  a  mere  translation.  On  nearly  every 
page  Mr.  Lee  has  added  some  fresh  piece  of  information,  collected 
from  innumerable  sources,  which  tends  greatly  to  enhance  the  value 
and  usefulness  of  the  work. 

By  the  courtesy  of  Mr.  Lee,  we  are  permitted  to  reproduce  a 
most  interesting  and  remarkable  view  of  the  stumps  of  the  piles 
which  once  supported  the  Lake-dwelling  of  Moringen,  a  settlement 
of  the  Bronze  age  on  the  shores  of  the  Lake  of  Bienne,  which  con- 
veys at  a  glance  a  wonderful  idea  of  the  extent  of  one  of  these 
settlements  and  the  labour  involved  in  its  erection.  We  hope  soon 
to  have  the  new  edition  before  us,  and  will  not  therefore  now  say 
more  as  to  its  increased  usefulness,  but  will  reserve  the  description 
of  Moringen  and  other  points  of  interest  for  a  later  notice. 


XL — The  *' Testimony  of  the  Rocks"  in  Norfolk.  A  Popular 
Description  of  the  Geology  of  the  County.  By  F.  W.  Habmeb, 
F  G.S.   pp.  38.     (London :  Hamilton,  Adams,  and  Co.) 

THIS  sketch  of  the  geology  of  Norfolk  wais  delivered  as  a  lecture 
at  Norwich  in  March,  1877,  and  gives  in  an  easy  and  inter- 
esting form  an  account  of  the  great  physical  changes  which  the  area 
has  undergone  since  Cretaceous  times.    The  method  of  formation 
of  the  Chalk,  the  Norwich  Crag,  the  Forest-Bed,  and  the  Glacial 
deposits  are  especially  dwelt  upon.     Accompanying  this  little  work 
is  an  excellent  coloured  geological  section  from  Hunstanton  Cliff  to 
Great  Yarmouth,  on  which  the  relations  of  the  various  strata  are 
well  shown,  while  the  beds  passed  through  in  the  deep  wells  at 
Norwich  and  Yarmouth  are  particularly  noticed.     The  "  Carstone  *' 
of  Himstanton,  of  Lower  Greensand  age,  is  grouped  as  Neocomian, 
under  the  local  name  of   **  Sandringham  Beds."     These  beds  are 
stated  to  consist  of  sand  with  shingle- beds  in  their  upper  part  in  tlie 
extreme  north-west  of  Norfolk,  and  which,  where  indurated,  are  called 
Carstone.     Wp  can  heartily  recommend  Mr.  Harmer's  lecture  to 
those  who  wish  to  grasp  the  main  features  of  the  geology  of  Norfolk 
without  entering  into  the  details. 


L 
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EEIPOKTS  AJ^TJD   :PI^OCEEX)I3S^<3-S, 

r.— CoTBwoLD  Field  Cldb.  —The  32nd  anniversary  meeting  of 
Col&wolil  Clob.  miller  the  presiilency  of  Sir  W.  V.  Qnis*.  Ba 
F.L.S,,  etc.,  took  place  on  April  14,  1877.  It  waa  also  the  li 
aiiniial  meeting  presided  over  by  its  president.  Abont  thi 
members  attended  to  liear  the  address  and  to  arrange  for 
meetings  and  general  business  of  tbe  coining  season.  Tho  clnl)  tl 
adjourned  to  the  School  of  Art  to  hear  Mr.  W.C.Luoy's  paper  on  "1 
Extensiim  of  the  Bonlder-cloy  and  Drift  over  the  Cotswold  Bang 

Mr.  Lucy  referred  to  a  former  paper  read  before  the  Club  in  18 
in  which  he  stated  that  he  had  not  foand  Northern  Drift  pebbles 
a  higher  elevation  than  750  feet,  confirming  the  observations  caf 
many  years  ago  by  Prof.  Unll,  when  surveying  tho  district.  1 
Lucy  also  mentioned  that  be  was  not  aware  of  the  presence 
Boulder-clay,  unless  some  clay  which  had  been  found  in  the  partiT 
of  a  quarry  at  Woodcheater,  with  a  small  quantity  of  pebblee  i 
bedded  in  it  should  prove  to  be  it.  The  special  object  of  his  pttj 
seemed  to  be  the  discovery  of  the  same  highly  silicnfied  clay 
various  j)arta  of  the  Cotswolds,  inclading  ihe  hii^eU  point  of  Cl» 
Clo'id.  This  clay  he  had  had  analyzed  by  Prof.  Church  and  1 
Einbrey,  and  the  result,  as  will  be  seen  by  the  following  table,  show 
BO  marked  a  resemblance  in  the  per-centage  of  silica  as  to  1« 
no  doubt  that  it  was  all  derived  from  the  same  souroo ;  and  (r< 
tlio  Northern  Drift  pebbles  being  found  with  it,  Mr.  Lucy  classec 
as  belongiag  to  the  Bonlder-clay  period,  indicating  that  the  whi 
of  the  Cotswold  range  was  submerged  during  that  time.  Mr.  Lu 
also  traced  the  same  clay  in  a  gravel-pit  in  the  vale  «t  Frampti 
which  clay  he  believed  was  once  on  the  higher  ground,  and  fn 
the  weathermg  of  the  friable  Oolitic  rocks,  bad  been  brou^t  ii 
its  present  position. 

■Woodcbiiater        ClaeTB        Symnnda        Painswick        Frampton 
Psrfc.  Cluud.      Hall  Farm.  Hill.  Gravel  Pit. 

Bilici    ...      70-60  672  60-68  68-2  63-60 

Mr.  Lucy  further  pointed  out  the  undoubted  presence  of  ice  acti< 
as  shown  at  Limbury,  and  at  Aston  Magna,  and  other  parts  of  t 
Upper  Cotswolds,  and  explained  that  striations  were  not  found 
the  Gloucester  area  owing  to  the  soft  character  of  the  Oolitic  rod 
We  cannot  follow  him  in  tho  account  he  gave  of  the  grooving  of  t 
Lins  in  the  valleys  upon  which  some  of  the  gravels  rest,  nor  t 
very  difficult  and  complicated  second    Boulder-oiay  to  which 


II.— Geological  Socibtt  of  London. — June  20,  1877. — Pr 
P.  Martin  Duncan,  M.B.,  F.K.S.,  President,  iu  the  Chair. 

The  following  papers  were  read  : 

1.  ''  On  a  Hitherto  Unnoticed  Oiroimistance  Affecting  the  Pilii 
u\>  of  Volcanic  Cones."     By  R.  Mallet,  Esq.,  F.E.S.,  F.G.S. 

After  6ome  remarks  upon  tho  two  forms  of  volcanic  activity,  i 
earlier  system  of  "fissui^e  eruption,"  and  the  present  one  of  "erupt; 
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at  explosive  foci,"  which  he  did  not  think  could  be  carried  back 
much  beyond  the  Tertiary  epoch,  the  author  discussed  the  ordinary 
method  of  formation  of  a  volcanic  cone,  and  pointed  out  that  tlie 
effect  of  the  piling  up  of  material  must  produce  a  pressure  on  the 
original  surface  commensurate  with  the  amount  of  material  heaped 
up  on  it,  and  therefore  increasing  gradually  from  the  circumference 
nearly  to  the  centre  of  the  cone,  where  the  loftiest  column  of  material 
presses  upon  the  unit  of  space.  When  the  supporting  rock  is  un- 
yielding, such  as  the  granite  which  bears  the  Puys  of  Auvergne,  it 
will  probably  maintain  its  original  position ;  but  when  it  is  of  a 
more  yielding  nature,  as  in  the  case  of  the  ordinary  stratified  rocks, 
the  pressure  of  the  cone  will  produce  a  saucer-shaped  depression, 
deepe'st  in  the  centre  where  the  greatest  pressure  occurs ;  and  this 
tendency  to  sink  will  be  aided  materially  by  the  honeycombing  and 
evisceration  of  the  subjacent  rock-masses  exposed  to  the  action  of  the 
volcano.  The  consequence  of  this  depression  of  the  surface  support- 
ing the  cone  will  be  to  diminish  the  original  slope  of  the  successive 
superimposed  deposits,  and  even  in  some  cases  cause  the  lowest  beds 
to  slope  from  the  circumference  towards  the  centre.  If  the  strata 
upon  which  the  volcano  stands  be  particularly  plastic,  its  pressure 
may  cause  an  uprise  of  the  strata  into  protuberHuces  round  the  foot 
of  the  mountain.  Similar  phenomena  may  occur  when  the  support 
of  the  cone  is  formed  by  older  volcanic  deposits. 

2.  "  The  Steppes  of  Southern  Russia."  By  Thomas  Belt,  Esq., 
F.G.S. 

The  author  describes  sections  of  strata  in  the  south  of  Russia,  and 
traces  the  following  succession  of  events : 

1.  Deposition  of  marine  Miocene  beds  when  the  Vienna  basin  and 
the  Aralo-Caspian  area  were  joined  together,  and  had  free  commu- 
nication with  the  Mediterranean. 

2.  Interruption  of  the  communication  with  the  Mediterranean,  and 
deposition  of  the  Sarmatic  beds  in  a  closed  sea-basin. 

3.  Gradual  freshening  of  the  water  of  this  area  and  deposition  of 
the  Congerian  strata. 

4.  Lowering  of  the  water  of  the  Vienna  basin  and  Aralo-Caspiau 
area  to  below  the  present  level  of  the  ocean,  and  great  denudation 
of  the  preceding  strata.  The  author  thinks  that  the  drainage  was  at 
thisr  time  to  the  north. 

5.  Interruption  of  drainage  to  the  north  and  deposition  of  fluviatile 
beds,  with  freshwater  shells  of  existing  species  and  remains  of  the 
Mammoth  and  Irish  Elk. 

6.  Drainage  to  the  north  completely  stopped  and  formation  of  a 
great  lake,  over  whi(;h  floated  icebergs  with  northern  drift.  Foima- 
tion  of  diluvial  clay  of  the  south  and  boulder-clays  of  the  north  of 
Russia. 

7.  Lake  gradually  lowered  by  the  cutting  through  of  the  channel 
of  the  Bosphorus. 

The  author  considers  that  the  formation  of  the  great  lake  was  due 
to  the  ice  of  the  glacial  period  flowing  down  the  beds  of  the  Atlantic 
and  Pacific,  and  damming  back  the  dminage  of  th^  QOXi\\xi&\v\.%  «& 
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Phillipsite  or  lime  Harmotome  also  occurs,  associated  with  the  pre- 
ceding, just  as  in  the  amygdaloidal  trap  of  Iceland.  In  hollows  of 
the  calcareous  cement  small  crystals  of  apophjllite  occur,  with  pul- 
verulent and  minutely-  crystalline  fluor  spar,  together  with  other 
minerals  not  identified,  hut  resemhling  in  character  gismondine  and 
scolezite.  At  Plombi^res  hyalite  occurs  with  the  zeolites ;  and  where 
the  masonry  is  exposed  to  the  full  flow  of  the  water  there  is  a  trans- 
parent gelatinous  deposit,  which  becomes  white  and  opaque  when 
iry,  and  is  a  h^'drated  silicate  of  lime  analogous  to  okenite.  Aragon- 
ite  occurs  generally  in  acicular  crystals,  but  sometimes  of  the  form 
called  apotome  by  Haiiy,  found  in  iron  ore  deposits  and  in  some 
basalts.  Calcite  is  frequently  associated  with  the  chabasite,  as  in 
Icelandic  lavas.     Halloysite  is  also  met  with  at  Plombi^res. 

Besides  the  formation  of  geodes  in-  the  visible  cavities,  the  whole 
substance  of  the  bricks  was  found  to  be  altered  by  contact  with  the 
water.  This  change  rendered  the  originally  friable  brick  very  hard 
=ind  compact ;  and  microscopic  examination  showed  that  its  minute 
pores  were  filled  with  colourless  and  transparent  mineral  substances. 
The  anther  gave  the  following  list  of  the  minerals  thus  found : — 
Chabasite,  christianite  (?),  mesotype,  hyalite  (?),  tridymite,  chalce- 
dony in:  radiate  spherules,  calcite^  and  some  globular  bodies  of  un- 
certain nature.  The  association  of  chalcedonic  quartz  with  opal  is 
interesting,  as  proving  that  silica  may  be  deposited  in  the  anhydrous 
form  when  the  temperature  of  the  surrounding  medium  does  not 
exceed  70^  C.  Analysis  showed  that  the  amount  of  zeolitic  substance 
added  to  the  bricks  is  from.  13  to  14  per  cent,  of  the  total  weight 

This  contemporary  production  of  zeolites-  and  other  minerals 
identical  with  those  found  in  amygdaloidal  and  many  other  altered 
volcanic  rocks  is  regarded  by  the  author  as  an.  experimental  demon- 
stration of  the  mode  of  formation  of  the  latter,  which  are  no  doubt 
produced  in  a  similar  manner  by  the  percolation  of  water  through 
the  substance  of  the  rocks,  conveying  to,  and  depositing  in,  their 
cavities  mineral  substances,  dissolved  during  its  passage.  Zeolitic 
minerals,  as  he  says,  may  therefore  be  considered  a  kind  of  *'  ex- 
tract "  of  the  rocks  so  subjjected  to  continued  lixiviation.  And  the 
process  being  effected  independently  of  any  peculiar  conditions  of 
heat  and  pressure,  would  seem  to  show  that  no  such  conditions  are 
essential  in  the  productioBi  of  natural  zeolites. 

6.  "On  the  Cretaceous  Dentaliadae;"  By  Jl  S.  Gardner,  Esq., 
F.G.S. 

In  this  paper  the  author  described  the  DentaliadsB  from  the  British 
Cretaceous  rocks,  of  which  he  enumerated  the  following  species  : — 
Denialium  decussahim.  Sow.,  and  var.  ellipticum,  Sow.  (Gault)  ;  J9. 
medium,  Sow.  (Qault,  Greensand,  and  Grey  Chalk) ;  D.  diviaiensiK, 
sp.  n.  (Upper  Greensand)  ;  2>.  a/af urn,  sp.  n«  (Gault) ;  D.cylindricim, 
Sow.  (Blackdown) ;  A  acuminatum,  sp.  n.  (Gault) ;  D,  aubtetrago- 
rifiTO,  sp.  n.  (Gault) ;  IX  teiragonum,  sp.  m  (Gktult) ;  Entalia  Meyeri, 
sp.  n.  (Blackdown) ;  and  Gadus  gaultinue,  sp.  n.  (Gault). 

7.  "On  a  number  of  New  Sections  around  the  Estuary  of  the 
Dee  which  exhibit  Phenomena  having  an  ImpoTlaiit  l^^wm^  at\.  ^Col^ 
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a"  9UkMer-cIav  and  the  Seqaenoe  of  Glacial  Eventa,"  By  D. 

Vu  j^A  |Mip«r  the  author  minutely  stated  the  reaolti  of  repeated 
.H%k»itiMiavtia  of  a  number  of  new  sections  of  drifl-dqpomts,  with  a 
HiAMvHtiiNr  Inference  to  the  character  of  their  bases  and  lines  of 
«.iM.Ui;«t  between  them.  He  described  in  detail  the  patterns  ez- 
uCNtt^  by  the  grooved  erratic  stones  of  the  shelly  dlaja  compared 
^\Xh  irregularly  scratched  stones  of  the  Lake  Diatriot.  He  then 
^HW  a  particular  account  of  the  character  of  the  two  ahelly  days, 
4ud  assigned  reasons  for  believing  in  their  threefold  origin—^ 
luwiU  grit  and  broken  shells  accumulated  by  the  8ea»  which  at  the 
lime  was  fully  charged  with  sub-glacial  day,  and  the  emtio  atonee 
carried  and  dropped  by  floating  coast-ice.  Ue  described  phenomena 
proving  Ihat  boulders  must  have  fallen  into  the  day,  and  called  at- 
tention to  the  varying  directions  of  striee  on  rock-suriaces  (including 
some  he  had  lately  discovered),  and  their  relations  to  the  ooorees 
and  cross-courses  taken  by  erratic  stones,  some  of  which  had  travelled 
iiOO  miles.  He  then  connected  the  special  observationa  he  had  lately 
made  with  the  results  of  many  years'  investigations  extending  around 
the  basin  of  the  Irish  Sea,  from  Carlisle  to  Crewe,  and  from  Crewe 
to  Anglesey,  and  traced  the  horizontal  and  vertical  extent  of  the 
three  shelly  drifts,  and  their  relation  to  the  mountain  drifts  of  North 
Wales  and  the  Lake  District  He  stated  many  reasons  for  rejecting 
the  idea  that  land-ice  had  distributed  either  of  the  two  Boulder-clays 
ho  liud  described,  but  left  it  an  o^n  question  whether  the  blue  clay 
of  North  Wales,  the  Lake  District,  the  Yorkshire  valleys,  and  parts 
of  liancashire,  with  its  local  stones,  may  not  have  been  accumulated 
uiulor  land-ice.  He  concluded  by  stating  that  the  paper  was  in- 
tended to  be  introductory  to  one  on  the  correlation  of  the  drifts  of 
tlic  north-west  with  those  of  the  eastern  and  central  parts  of 
England. 

8.  **  Discovery  of  Silurian  Beds  in  Teesdalo."  By  W.  6unn,  Esq., 
F.G.S.,  and  C.  T.  Clough,  Esq.,  B.A.,  F.G.S.,  of  H.M.  Geological 
Survey. 

I'he  authors  described  the  general  physical  characters  of  Teesdale, 
referring  especially  to  the  position  of  the  Burstreeford  Dyke,  the 
whin,  according  to  them,  occupying  a  very  different  horizon  at 
Forcegarth  Hill  and  Crouklej'  Fell,  so  that  the  displacement  indi- 
cated by  it  is  probably  400  feet  greater  than  has  been  8uppo8e<l 
This  disturbance  has  brought  up  the  beds  which  lie  at  the  base  of 
the  Carboniferous  series  in  the  dale,  and  these  are  exposed  in  the 
banks  of  the  Tees  at  the  old  Pencil  Mill  at  Cronkley,  where  they 
were  formerly  worked  up  into  slate  pencils.  They  are  soft  shales, 
usually  gray  or  greenish  gray,  sometimes  yellowish  green  or  purplish 
red.  They  are  very  indistinctly  bedded,  but  show  traces  of  what 
may  be  cleavage  in  some  parts.  From  the  character  of  the  deposit, 
the*  character  of  the  dykes  of  the  district,  and  the  fact  that  these 
beds  are  not  altered  by  them,  the  character  of  the  veins  traversing 
them,  and  an  apparent  unconformity  between  these  beds  and  the 
doubtedly  Carboniferous  beds  overlying  them,  the  authors  come 
^  conclusion  that  tihia  de^od^.  \a  i^qX.  ^1  d^V^niferous,  but  of 
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Silurian  age,  and  they  indicate  certain  theoretical  conclusions  which 
follow  from  this  determination. 

9.  "  On  the  Superficial  Geology  of  British  Columbia."  By  George 
Mercer  Dawson,  Esq.,  F.6.S.,  Assoc.  K.S.M.,  of  the  G-eological 
Survey  of  Canada. 

The  author  stated  that  the  rock-striation  and  fluting  on  the  south- 
eastern peninsula  of  Vancouver's  Island  shows  that  at  one  time  a 
great  glacier  swept  over  it  from  N.  to  S.,  filling  the  Strait  of  Georgia, 
50  miles  broad  in  places,  and  having  near  Victoria  a  thickness  of  ice 
of  over  600  feet.  Traces  of  this  glacier  also  occur  on  San  Jurin 
Island,  and  on  the  coast  of  the  mainland.  The  deposits  immediately 
overlj'ing  the  glaciated  rocks,  besides  what  may  be  moraine  profonde, 
locally  developed,  are  sandy  clays  and  sands,  arranged  in  water,  and 
sometimes  containing  marine  shells.  The  lower  beds,  at  least,  of 
these,  were  probably  formed  at  the  foot  of  the  retreating  glacier,  the 
sea  standing  considerably  higher  than  at  present.  The  northern  part 
of  the  Strait  of  Georgia  and  the  fjords  opening  into- it,  and  the  fjonls 
north  of  the  Strait,  show  ice-action  to  a  height  of  above  3000  feet. 
Terraces  on  the  coast  of  the  mainland  are  rare,  and  never  at  great 
elevations. 

The  interior  plateau  of  British  Columbia  shows  a  system  of 
glaciation*  fronv  N.  to  S.,  traces  of  which  have  been  observed  above 
3000  feet.  Subsequent  glaciation  radiating  from  the  mountains 
also  occurs.  The  superficial'  deposits  here  are  either  unmodified  or 
modified.  The  former,  representing  the  Boulder-clay,  occurs  at 
nearly  all  heights  up  to  over  6000  feet;  the  latter  charactenzoa 
nearly  all  localities  below  3000  feet,  and  is  most  extensively 
developed  in  the  nouthem  low  country,  where  it  forms  a  white 
silt  or  loess.  The  interior  is  marked  with  shore-lines  and  terraces 
up  to  6270  feet  Moraines  occur  in  great  numbers,  most  of  them 
marking  stages  in  the  retreat  of  glaciers  towards  the  mountains, 
although  some  may  have  been  formed  in  connexion  with  the  N.  and 
S.  glaciation; 

The  sequence  of  events  in  the  interior,  according  to  the  author, 
seems  to  have  been  as  follows  :*— Glaciation  from  N.  to  S.,  with 
deposit  of  Boulder-clay ;  formation  of  terraces  by  lowering  of  water 
surfaces,  accompanied  or  followed  by  a  wainn  period ;  advance  of 
glaciers  from  the  nK)untains,  and  formation  of  lower  terraces;  and 
retreat  of  glaciers  to  their  present  limits.  The  glaciation  of  Van- 
couver's Island  may  have  occurred  during  both  cold  periods  or  during 
the  second  only. 

The  author  considers  the  assumption^  of  the  production  of  the 
N.  to  S.  glaciation  by  an  ice-cap  to-  be  attended  with  great  difficulties, 
and  seems  to  favour  the  notion  of  its  being  effected  by  the  accumu- 
lation of  ice  on  the  country  itself,  and  especially  on  the  mountains 
to  the  N.,  filling  the  central  plateau  in  going  southward,  and  passing 
seaward  through  the  gaps  and  fjords  of  the  coast  range^^ 

10.  "The  Exploration  of  the  Ossiferous Dejwsit  at  Windy  Knoll, 
Castleton,  Derbyshire,  by  Rooke  Pennington,  Esq.,  LL.B.,  F.G.S., 
and  Pi-of.  W.  Boyd  Dawkins."     By  Prof.  W.  Boyd  Dawkltva,  M.,^., 
F.E.S.,  F.G.8. 
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Ill  tliis  pnjier  the  author  gave  iin  acootmt  of  the  results  of  a  fnribf 
cxpIomtioQ  oi'  tbe  oasiferous  deposit  ftt  Windy  EnoU.  The  wetun 
eX|)o»oii  included  tlio  following  bods  in  desoendiDg  prfer: — Cl^«j 
ilubrifi  without  hones,  probably  quany  rubbiah  ;  yellow  olny,  t'A 
Inrgt'  blocks  of  liruesUiDe,  etc,  and  containiug  boDes  of  BuOD.  Brin- 
i!wi',  Hore,  Wolf,  Fox,  and  Beor:  and  stiff  yellow  loam  reatiogcn 
lilt)  Biirfooe  of  the  limestone.  Tbe  bouea  and  teeth  of  aaimftU  w«n 
;,-i.-iiuriUly  p«rfe<;t,  tiud  had  been  burieil  iu  their  oatuml  poaitimw 
Till-  (.-titire  skdctim  of  b  Boedeer  was  fouud  iu  the  u|i[i«r  putofllM 
<i  (^lli)w  ciny.  As  tlitt  work  proceeded  the  limeetonc  tluor  dea«eiul«>l 
r.ipidly,  and  the  obsiferouH  clay  incrensed  in  thickness  from  S  Ii>2l 
ftiet ;  at  the  buttom  it  rested  on  loose  rr^;ineDts  nf  limestone,  filling 
u  vertical  Nhaft.  The  author  ooocluded  that  the  rook-basin  contaiii- 
iii^j  tho  osaiferoLis  dRposit  was  originally  a  swHliow-hole.  pleotj 'J 
\vliioh  occur  in  the  immediate  neighbourhood,  nnd  that  the  rutiotl 
hlinft,  filled  tvith  limestono  fragments,  probnbly  led  down  in(i>  < 
c:ivem  through  which  drainage  took  place.  The  roc^-basin  formict: 
ihu  mouth  of  thi*  swallow-hole  wae  lined  with  clay,  aa  is  noinn' 
cumnion,  and  tlien  converted  into  a  pool,  in  whioli  the  oewferom 
clay  was  accnmulaled.  Tlie  author  noticed  the  geogr&pbioal  tAanfft 
wliich  must  have  occurred  in  the  district  einae  the  furnuition  of  tb> 
deposit,  and  iiidiciited  the  proportions  of  the  remains  of  i,'naniTnti.l 
old  Bisous  and  Eeiudeer,  wliich  confirmed  the  concluaion  iimvcil  v 
ill  his  former  paper,  that  tiio  Bisons  were  here  in  the  sumuier  ami 
the  Heindeer  in  tha  winter.  He  regarded  the  deposit  as  of  iaio 
Pleiatooeno  age. 

11.  '■  Descnjition  of  tho  Foaeil  Orgtinic  Remains  from  Bendigo." 
liv  M.  ( !iirl  Aiii'iist.  ZRC.harini.      f!ommmiicated  hv  tho  PresideuL 
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The  author  described  the  oooarrenoe  in  the  northern  part  of  Nova 
Sootia  of  a  great  band  of  Silurian  deposits,  running  nearly  east 
and  west,  and  travei^sed  in  a  corresponding  direction  by  numerous 
detached  bands  of  granites,  syenites,  etc.  Boughly  parallel  to  the 
line  of  the  latter  there  is  a  tolerably  well-defined  series  of  fractures 
running  from  Parrsboro  on  the  Bay  of  Fundy  to  Guysboro  on  the 
Atlantic  coast.  The  course  of  this  line  of  disturbance  is  marked  by 
metamorphism,  and  by  the  presence  of  associated  ores  of  iron  and 
copper.  The  principal  localities  where  the  latter  occur  are  noticed 
by  the  author,  who  states  that  the  copper  deposits  attain  their 
greatest  development  near  Lochaber  Lake  and  Poison's  Lake, 
where  they  form  a  series  of  veins,  cutting  at  oblique  angles  black 
and  red  shales  and  quartzites,  apparently  of  somewhat  doubtful  age. 
The  quality  of  the  ore  is  said  to  be  good. 

13.  **  Glacial  Drift  in  the  North-eastern  Carpathians."  By  B.  L. 
Jack,  Esq.,  F.G.S.,  and  John  Home,  Esq.,  F.G.S.,  of  the  Geological 
Sarvey  of  Scotland. 

In  this  paper  the  authors  noticed  the  statements  of  previous 
observers  as  to  the  occurrence  of  glacial  drift  in  the  northern  pai*t 
of  the  Carpathian  range,  and  described  the  rock-formations  sur- 
rounding the  head  waters  of  the  Theiss,  and  some  drift  sections 
obeerved  in  the  valley  of  that  river.  They  arrived  at  the  following 
conclusions : — Glacial  deposits  are  not  abundantly  developed  in  the 
valleys  of  the  north-eastern  Carpathian.  The  drift  in  the  upper 
reaches  of  the  Theiss  is  of  the  most  fragmentary  character,  and  is 
confined  mainly  to  the  broader  portions  of  the  valley.  There  is, 
however,  sufficient  evidence  for  maintaining  that  the  Theiss  valley 
was  filled  with  a  glacier  upwards  of  45  miles  long,  although  the 
authors  were  unable  to  determine  whether  this  glacier  ever  debouched 
on  the  plains  of  Hungary  or  ever  reached  the  edge  of  the  Carpathian 
chain ;  but  they  think  it  probable  that  such  was  the  case. 

14.  "On  Terminal  Curvature  in  the  South-western  Counties." 
By  W.  A.  E.  Ussher,  Esq.,  F.G.S.,  of  H.M.  Geological  Survey. 

The  author  discussed  the  views  advocated  by  Mr.  D.  Mackintosh 
on  the  terminal  curvature  of  slaty  beds  (Q.  J.  G.  S.  vol.  xxiii.  p. 
326),  and  objected  to  the  hypothesis  that  the  phenomenon  was  pro- 
duced by  the  action  of  ice  in  any  form,  which  was  the  agency  to 
which  Mr.  Mackintosh  was  most  inclined  to  ascribe  it.  The  author 
thought  that  what  has  been  called  terminal  curvature  might  be  pro- 
duced by  three  distinct  causes,  namely, — 1.  The  curvature  produced 
by  internal  movements  at  great  depths,  afterwards  rendered  super- 
ficial by  long  subsequent  denuding  agencies;  2.  The  action  of 
wedging  frosts  on  the  upturned  edges  of  the  beds  as  advocated  by 
Mr.  Gk)dwin- Austen ;  and  3.  The  intrusion  between  the  laminse  of 
the  rooks  of  the  roots  and  rootlets  of  growing  trees. 

15.  **  On  the  Chronological  Classification  of  the  Granitic  Rocks  of 
Ireland."  By  G.  H.  Kinahan,  Esq.,  M.B.LA.  Communicated  by 
Prof.  Bamsay,  F.R.S.,  P.G.S. 

The  author  adopts  Soheerer's  definition  that  a  granite  is  a  rock 
of  certain  constitation,  in  which  all  the  con8titu.en.t&  qx%  ^^^^saX^^ 
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developed,  and  gives  the  name  of  elvamie§  to  those  gnnitio  locikt  in 
whioh  part  of  the  oonatitueiits  are  not  perfiBoUy  oxystalliaed.  The 
elvanitee  pass  into  true  granites  on  the  one  hand,  and  on  the  otber 
into  platonio  or  volcanic  rooks.  They  are  thus  "passage-xocb" 
between  the  two  sections. 

The  author  apparently  regards  all  granites  as  fonned  by  the 
metamorphosis  either  of  the  sedimentary  rooks  in  whibh  they  oocnr, 
or  of  the  plutonio  rocks  associated  with  these.  Even  intmnTe 
granites  are  the  product  of  an  extreme  degree  of  metamorphosiB.  Of 
metamorphosis  he  distinguishes  two  kinds,  namely : — Mdap^^m^  or 
regional  metamorphosis^  extending  over  larger  or  smaller  areaSt  and 
due  to  aqueo-igneous  action ;  and  FaroptesU,  or  local  metamoiphosist 
caused  by  heat  generated  at  or  near  local  igneons  aotion  or  a  pro- 
trusion or  sheet  of  igneous  rock. 

The  author  then  indicates  the  application  of  these  principles  to 
the  classification  of  the  granitic  rocks  of  Ireland  in  the  chrono- 
logical order  of  the  sedimentary  deposits  with  which  they  are  asso- 
ciated, and  divides  these  rocks  into  eleven  classes,  corresponding  to 
the  Cambrian,  Cambro-Silurian,  Silurian,  CSarboniferona,  Triassic, 
and  Tertiary  series,  with  five  intermediate  classes,  the  latter  generally 
divided  again  into  sub-classes.  The  granitic  rocks  of  different 
districts  in  Ireland  are  then  described  in  some  detail,  and  referred 
to  their  places  in  the  proposed  chronological  scheme. 

16.  <<  The  Cambrian  Books  of  South-East  Ireland."  By  O.  H. 
Kinahan,  Esq.,  M.B.I.A.  Communicated  by  Prof.  Ramsay,  F.RS., 
F.G.S. 

The  author  states  that  these  rocks  are  greatly  altered  by  meta- 
inorphic  action.  Quartz  rock  occurs  in  dykes  and  other  masses 
among  the  Cambrian  and  Cambro-Silurian  rocks,  but  chiefly  among 
the  former ;  it  may  be  foliated  and  converted  into  quartzite  by  what 
the  author  calls  metapepsis  (see  preceding  paper). 

Of  the  Cambro-Silurian  rocks  the  base  is  seen  only  in  two  places, 
at  Greenore  and  on  the  S.W.  ooast  of  Wexford.  At  the  former  it  is 
a  fine  reddish  conglomerate,  lying  6n  or  against  schists;  at  the  latter 
a  massive  slate  conglomerate.  The  rocks  of  this  series  in  ascending 
order  are: — 1.  Black  carbonaceous  shales  and  slates,  or  grey  beds 
with  subordinate  beds  of  grit ;  2.  Green  and  grey  grits,  shales  and 
slates;  3.  The  Ballymoney  series  of  green,  grey,  black,  and  red 
grits,  sandstones,  slates  and  shales,  with  interstratified  igneous  rocks: 
4.  Red,  purple,  and  green  beds,  usually  more  or  less  argillaceous. 

The  Cambrian  formation  generally  consists  of  green,  purple,  or 
reddish  grits,  shales  and  slates,  but  here  and  there  with  grey  or 
even  black  beds.  The  autlior  describes  the  Cambrian  rooks  in  the 
various  areas  in  which  they  occur,  namely,  at 

Howth,  where  they  are  but  little  altered  in  the  N.,  becoming  more 
altered  towards  the  S. 

Bray  Head,  generally  unaltered,  and  containing  many  specimens 
of  Oldhamia,  and  with  massive  dykes  of  quartz  rock. 

S.E.  Wicklow,  where  the  western  boundary  is  doubtfuL  Near 
Carrick  mountain  and  to  the  westward  the  rocks  are  much  altered, 


Correspondence — Mr.  J.  8,  Gardner.  377 

and  the  author  thinks  that  probably  masses  of  Cambrian  rocks  were 
forced  by  disturbances  into  the  Cambro-Silurians,  and  then  the  whole 
were  metamorphosed  together. 

N.E.  Wexford.  The  area  commences  on  the  east  coast  near  Cour- 
town  Harbour,  extends  S.  to  and  beyond  Wexford,  and  then  S.W. 
to  the  coast  near  Bannow  Bay.  The  rooks  are  generally  submeta- 
morphic,  with  many  large  protrusions  of  quartz-rook,  generally 
changed  by  metapepsis  into  quartzite.  Rooney's  Rooks,  S.  of  Poul- 
shore,  consist  of  two  protrusions  of  quartz-rock,  between  and  N.  of 
which  are  green  and  purplish  Cambrian  shales,  in  which  Oldhamia 
nntiqua  has  been  found,  as  also  in  a  green  bed  further  south  at 
Cahore.  On  the  coast  of  Haggard  and  Bannow  the  Cambrian  and 
Cambro-Silurian  rocks  are  mixed  up  very  irregularly  by  means  of 
numerous  faults.  At  Bannow  Oidhamia  is  not  uncommon.  The 
most  continuous  sections  are  seen  in  this  area  in  the  valley  of  the 
river  Slaney,  where  the  rocks  generally  dip  to  the  N.  at  angles  of 
10°-60*  or  80°,  and  are  going  from  N.  to  S. : — 

1.  MassiTe  grits  with  some  shaly  beds,  underlain  by  more  or  less  altered        Feet 

erits  and  shales;  average  mp  30°,  giving^  a  thickness  of  about 3000 

2.  Schists  with  quartzkes  (metacnoipho»sd  grits),  dip  50°;  about..., 4000 

3.  Schists  with  masses  of  quarti^te  (altered  quartz,  rock),  dip  40° ;  about       4000 

Total  about 11,000 

but  the  numerous  faults  under  the  numbers  uncertain.      ' 

S.E.  Wexford.  The  rocks  arer  more  or  less  metamorphosed,  gra- 
duating from  schist  through  gneiss  inta  granite  near  Camsore. 
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THE  RED  CLAY  OP  THE  DEEP-SEA  AND  THE  GAULT  DEPOSITS. 

Sib, — In  the  May  numbev  of  the  Monthly  Microscopical  Journal, 
a  portion  of  the  address  to  the  Royal  Society  in  November  last  has 
l)een  printed,  in  which  the  President  mentioned  the  endeavour  of 
Mr.  Sorby,  to>  detevmine  the  nature  of  the  Red  Clays  of  the  ocean- 
bottom,  and  stated  that  Mr.  Sorby  had  infonned  him  that  many 
specimens  of  the  Red  Clay  are  so  entirely  analogous  to  what  the 
Gault  must  originally  have  been,  that  those  specimens  might  almost 
be  looked  upon  as  being  as  truly  modem  Gault  as  the  Qtohigerina- 
ooze  is  modem  Chalk.  This  opinion  it  appears  is  derived  from  the 
similarity  of  the  Gault  deposits  to  those  of  the  Red  Clays  of  the 
ocean-bottom;  but  this  passage  of  the  address  as  reported  is 
somewhat  obscure.  We  can  hardly,  however^  suppose  that  it  is 
intended  to  convey  that  the  Gault  was  deposited  under  conditions  at 
all  similar  to  those  in  which  the  Red  Clay  is  now  being  deposited, 
as  the  former,  especially  as  shown  in  its  earlier  beds,  was  a  littoral 
and  shallow-water  deposit.  This  i«  abimdantly  shown  by  the 
common  occurrence  of  wood,  twigs,  and  cones  of  Sequoia  and  Pinus, 
by  turtles'  eggs>  and  by  its-  mollvsca,  many  of  which  belong  to  genera 
now  confined  to  shallow  water.  The  Gault  in  all  parts  of  Europe 
has  been  proved  to  have  been  deposited  in  a  sinking  ax^o^^  \\.^  ^^^^^ 
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fanna  showing  the  change  to  deeper-water  oonditionB.  Near  Fotte- 
Btone  the  change  to  the  deeper  water  of  the  Ghney-ohalk  aea  ii  toij 
plain,  and  is  seen  to  have  been  a  gradual  one.  The  diaooTery  of 
these  Ked  Clays  is  of  exceeding  interest,  bat  it  is  misleading  to  spetk 
of  them  as  analogous  to  the  Gkolt.  J.  S.  Gabdvb. 

Park  Houbb,  St.  John's  Wood  Pabx,  N.W. 
M^  170, 1877. 


DB.  WILLIAM  SMITH'S  OEOLOOICAL  BCAPS. 

Sib, — ^At  a  recent  sale  the  copper-plates  of  William  Smith's 
folio  atlas  of  geologically  coloared  maps  of  England,  sixieea  in 
number,  including  the  index,  published  in  1821,  came  into  die 
possession  of  Mr.  Edward  Stanford,  of  Charing  Cross,  who  is  wiHing 
to  sell  them  at,  as  he  writes  to  me,  a  trifling  cost  (for  sixteen  lazgo 
coppers),  if  purchased  for  the  Geological  Society.  It  would  not  pay 
now-a-days  to  reprint  maps  only  of  historical  interest;  but  I  venturB 
to  think  that  the  maps  of  the  &ther  of  EInglish  (Jeology  are  worthy 
of  being  preserved  from  the  melting-pot,  the  doom  of  superannuated 
copper-plates,  and  entrusted  to  the  safe  keeping  of  some  oharteKd 
society.  I  write  this,  therefore,  to  obtain  the  opinion  of  geologists 
on  the  matter,  and  shall  be  glad  to  receive  the  names  of  gentlraieii 
who  will  subscribe  for  their  purchase,  as  I  propose,  for  preeentatioii 
to  the  (Geological  Society,  which  already  possesses  the  original 
manuscript  maps.  G.  S.  Bouhqkb,  FJaS.,  F.G.S. 

Scientific -Club,  7,  Savilb  Row, 

July  12,  1877. 

PREMATURE  CONCLUSIONS. 

Sir, — The  practice  of  the  Geological  Society,  of  publishing 
'^  abstracts "  of  papers  read  at  the  meetings,  before  the  papers 
themselves  are  published,  is  sometimes  of  great  s^vice  both  to  the 
authors  and  to  the  public ;  but  it  has  this  serious  drawback,  that  the 
public  generally  found  their  conclusions  regarding  the  value  of  the 
paper — and  the  correctness  of  the  autlior's  views — iioi  on  the  paper. 
but  on  the  "  abstract,"  which  necessarily  contains  but  an  imperfect 
statement  of  the  data  upon  which  the  author  has  rested  his  argu- 
ments ;  and  the  probabilities  are,  tliat  when  the  paper  itself  appears 
in  extenso  some  months  afterwards,  the  men  who  have  based  their 
conclusions  upon  the  statements  of  the  **  abstract "  will  not  care  tu 
make  themselves  acquainted  with  the  details  -and  arguments  of  the 
paper. 

This  drawback  has  come  with  great  force  to  my  mind  (as  no 
doubt  it  has  done  in  the  case  of  others)  from  the  manner  in  which 
the  paper  I  had  the  opportunity  of  bringing  before  the  Society  has 
been  received  and  criticized  in  several  quarters.  One  geologist,  f(*r 
whose  opinion  I  entertain  a  high  respect,  wrote  at  onoe  to  intimate 
that  he  could  not  accept  my  conclusions ;  and  when  I  naturally 
replied  that  he  had  not  had  an  opportunity  of  reading  the  detail^ 
upon  which  they  had  been  founded,  he  replied  that,  **  having  seen 
the  'abstract,'  he  knew  already  quite  enough  to  satisfy  his  own  mind 
on  the  subject;"  and  I  greatly  fear  my  friend,  who  on  a  former 
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occasion  has  openly  expressed  his  impatience  of  long  papers,  will 
consign  my  production  to  the  shelf  or  waste-paper  basket  when  it 
reaches  his  hands,  as  he  probably  considers  he  knows  enough  of  the 
matter. 

The  paper  of  Mr.  Dakyns  in  the  Geol.  Mao.  for  this  month  (July» 
1877),  is  another  case  in  point  It  contains  a  critique  on  my  paper 
OS  contained  and  represented  in  the  *'  abstract "  only ;  and  of  this  I 
complain.  If  it  had  been  based  on  a  perusal  of  the  paper  itself,  I 
should  have  been  perfectly  satisfied,  whatever  the  conclusions  of  my 
reviewer  might  have  been,  because  I  would  have  been  aware  that  he 
had  all  the  data  before  him ;  and  if  these  did  not  bring  him  to  the 
same  conclusions  as  myself,  I  should  conclude  that  this  was  owing 
to  the  fact  that  his  mind  and  my  own  are  constituted  differently ; 
but  I  deprecate  conclusions  dri^vn  from  a  partial  knowledge  of  the 
facts. 

I  cannot  now  go  fully  into  Mr.  Dakyns'  objections — time  and 
space  forbidding.  I  ask  him,  however,  to  mark  the  force  of  t^e  term 
"essentially" — as  used  by  me — and  to  recollect  that  it  does  not 
mean  exclusively. 

Then  as  regards  the  difficulty  of  believing  the  Qannister  beds  to 
be  marine  essentially — notwithstanding  the  large  number  of  marine 
mollusca,  etc.,  they  contain — because  of  the  oocuvrence  of  beds  of 
coal  in  Scotland.  This  is  not  so  surprising  as  the  occurrence  of  beds 
of  coal  in  Scotland  overlaid  by  marine  limestones,  which  shows  that 
Nature  accomplishes  results  which  man  sometimes  cannot  conceive. 

As  regards  the  term  "  Yoredale,"  Mr.  Dakyns,  as  an  officer  of  the 
Geological  Survey,  might  surely  have  concluded  that  I  have  adopted 
the  term  as  it  is  used  by  the  Survey  itself,  whatever  its  original 
signification  may  have  been.  It  may  not  be  strictly  correct,  but  it 
would  be  hard  to  find  a  better  for  the  great  series  of  beds  above  the 
Mountain  Limestone  of  Derbyshire. 

As  regards  the  latter  part  of  Mr.  Dakyns'  paper,  does  'he  hold  the 
opinion  under  which  I  myself  was  enthralled  till  lately,  that  the 
great  limestone  series  of  the  north  of  England  and  Scotland  is 
all  of  it  the  representative  of  the  true  Carboniferous  Limestone  of 
Derbyshire  and  Lancashire  ?  If  so,  I  believe  this  to  be  a  popular 
delusion,  whioh  I  have  endeavoured  to  prove  as  such  in  my  paper. 
The  true  Carboniferous  Limestone  is,  I  believe,  represented  in  the 
north  only  by  the  bed  (or  group  of  beds)  known  as  "the  Scaur 
Limestone"  of  Phillips,  and  in  Scotland,  as  the  Lower  (or  Roman 
camp)  Limestone.  The  series  of  beds,  limestones,  ironstones,  coals, 
shales,  etc.,  which  overlie  this,  being  the  representatives  of  the 
**  Yoredale "  beds  only.  Lastly,  let  me  ask  how  is  it  possible  to 
believe  the  Carboniferous  rocks  to  be  "  one  indivisible  formation," 
if  by  that  term  is  meant  a  heterogeneous  collection  of  beds  of  various 
mineral  characters,  and  of  various  modes  of  formation,  in  the  face  of 
the  great  fact  of  the  predominance  of  marine  limestones  in  the  lower 
part,  and  their  entire  absence  in  the  upper  ?  So  far  from  this  being 
the  general  conclusion  to  which  a  survey  of  the  Carboniferous  rocks 
of  tbe  British  Islands  and  the  West  of  Europe  vrouLi  Ui^  n^^  V 
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have  always  found  it  rather  diffionlt  to  prove  to  a  stadent  that  the 

Lower  and  Upper  Carboniferoas  beds  recdly  belong  to  one  formatioii 

at  all,  80  great  is  the  contrast  between  the  **  essentially "  marine 

aspect  of  the  lower,  and  the  essentially  laoostrine  aspect  of  the 

upper  division.    If  this  be  so,  is  it  not  "philosophical"  to  suppose 

that  there  is  a  middle  group,  between  these  extremes,  **  esaentuuly  " 

marine,  yet  less  oceanic  than  the  lower  stage  of  the  Mountain 

Limestone  ? 

Meanwhile,  allow  me  to  ask  my  colleague  to  defer  his  opinion  on 

the  views  I  have  stated  in  my  paper  till  he  has  had  an  opportunity 

of  reading  it  EmrARD  HuLLi 

GaoLoaicAL  SmtYiY  of  Ibbland, 
(Jifict^  U,  Bmu-^iMtt,  Dublin. 


THE  BELATION  OF  THE  PERMIAN  TO  THE  TRIAS. 

Sib, — Mr.  Irving  appears  to  have  quite  mistaken-  the  puiport  of 
my  communication  on  Uie  relation  of  the  Permian  to  the  Trias  in  the 
neighbourhood  of  Nottingham.^  I  understood  it  had  been  stated  by 
geologists  of  Nottingham,  that  not  only  a  perfect  conformity  existed 
between  the  Permian  and  the  New  Bed  Sandstone  near  that  town, 
but  there  was  a  passage  upwards  from  one  formation  into  the  other. 

I  merely  wrot^  to  say  this  could  not  be,  for  the  reasons  I  gave. 
But  I  never  intended  to  imply  there  was  not  a  general  conformity 
between  the  two  formations,  for  this  general  conformity  must  be 
apparent  to  any  one  on  looking  at  a  good  geological  map,  whereon 
these  formations  are  laid  down.  Neither  did  I  intend  it  to  be  under- 
stood that  I  considered  that  the  break  between  the  Permian  and  the 
New  Bed  Sandstone  was  greater  than  between  some  of  the  sub- 
divisions of  these  formations.  Aa,  for  instance,  the  break  between 
the  Middle  Marls  and  Lower  Magnesian  Limestone  of  the  Permian, 
or  that  between  the  Eeuper  and  the  Bunter  of  the  Trias.  I  gave  no 
opinion^  one  way  or  the  other  on  these  points. 

The  point  of  my  communication  was  this.  The  relation  of  the 
Permian  to  the  Trias  I  considered  an  important  problem  yet  to  be 
worked  out  If  a  perfect  passage  from  the  one  up  into  the  other 
was  found,  it  would  go  far  to  settle  the  question.  As  far  as  I  know, 
that  peissage  has  not  been  found,  and,  I  contend,  it  does  not  exist  in 
the  neighbourhood  of  Nottingham. 

Some  personal  remarks  in  Mr.  Irving's  oommunication  I  shall  not 
reply  to,  they  have  nothing  to  do  with  the  question,  and  were  wholly 
uncalled  for.  I  do  not  consider  the  pages  of  a  scientific  magazine 
the  place  for  that  kind  of  bantering.  W.  Talbot  Aikeline. 

HURONIAK  VOLCANIC  ROCKS. 

Str, — In  an  able  paper  in  your  last  issue,  Mr.  Gleoi^  M.  Bawson 
publishes  the  results  of  his  study  of  the  "  Porphyrite  Formation  " 
of  British  Columbia,  and  applies  these  results  to  the  explanation  of 
the  origin  of  the  Huronian  series  of  Eastern  North  America.  I  am 
particularly  pleased  to  find  so  good  an  observer  as  Mr.  Dawson,  not 

>  Qbol.  Mao.  Dec.  II.  Vol.  lY.  p.  \5S4 
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only  prepared  to  affirm  that  the  Huronian  rooks  on  the  Lake  of  the 
AVoods  are  in  great  part  volcanic,  but  putting  forward  the  theory 
that  the  Huronian  formation  is  largely  composed  of  metamorphosed 
contemporaneous  igneous  matter.  This  is  the  view  to  which  I  was 
myself  led  by  my  study  of  these  rocks  in  the  field,  and  I  published 
this  opinion  in  a  paper  on  the  Geology  of  the  North  Shore  of  Lake 
Superior  some  years  ago  (Quart.  Joum.  Geol.  Soo.  vol.  xxix.).  In 
this  paper  I  expressed  the  opinion  that  the  great  masses  of  "  talcose" 
and  **  chloritic  "  slates  which,  together  with  interbedded  traps,  make 
up  the  greater  part  of  the  Huronian  formation  between  Lake 
Superior  and  Lake  Shabendowan,  are  "  truly  of  the  nature  of  bedded 
felspathic  ashes ;  "  and  I  also  drew  attention  to  the  singular  resem- 
blance which  they  present  to  the  Borrowdale  series,  or  Green  Slates 
and  Porphyries,  of  the  North  of  England.  It  affords  me,  therefore, 
much  pleasure  to  find  that  these  views,  at  that  time  quite  unsup- 
ported, should  have  been  corroborated  by  the  wide  opportunities  for 
observation  and  the  extended  experience  of  Mr.  Dawson. 

Unitbd  College,  St.  Andrews,  H.  Alleyne  Nicholson. 

July  1th,  1877.  

WILLIAM    HARRIS,    ESQ.,    F.G.S. 

Born  1797.  Died  1877. 
With  regret  we  announce  the  death  of  William  Harris,  Esq., 
F.G.S.,  on  the  13th  May,  aged  80,  at  Charing,  in  Kent,  where  he 
had  resided  for  many  yeai-s.  He  was  greatly  esteemed  by  a  large 
circle  of  friends  for  his  genial  disposition  and  real  philanthropy ; 
and  he  obtained  deserved  reputation  for  his  untiring  researches 
among  the  fossils  of  the  Chalk,  and  into  the  geological  history  and 
structure  of  the  country  around  him.  He  was  elected  a  Fellow  of 
the  Geological  Society  of  London  in  1839.  After  a  long  life  of 
useful  activity  his  health  failed  him  eight  or  nine  years  ago,  and  he 
gradually  lost  his  power  of  moving  about  and  attending  to  business, 
as  well  as  his  interest  in  those  scientific  pursuits  which  were  formerly 
his  pleasure.  He  had  for  many  years  assiduously  collected  the 
organic  remains  found  in  the  Chalk-pits  of  the  neighbouring  hills, 
especially  the  Sponges  and  Fishes.  Of  the  former  he  communicated 
many  to  Mr.  J.  Toulmin  Smith,  who  figured  and  described  the 
Ventrictdida  of  the  Chalk  in  1848.  Of  the  Fishes  he  collected  and 
prepared  a  great  many,  but  they  were  never  classified.  The 
enormous  numbers  of  Eniomosiraca,  Polyzoa^  and  Foramim/era, 
together  with  small  Brachiopods,  Serpulee,  fragments  of  Corals, 
Encrinites,  etc.,  which  Mr.  Harris  obtained,  by  careful  and  patient 
search,  from  the  Chalk  and  Chalk-marl,  were  freely  and  liberally 
distributed  to  his  friends,  atid  to  others  interested  in  palaeontology. 
Many  a  one  has  been  instigated  to  take  up  geological  studies,  with 
microscope  at  home  and  hammer  abroad,  after  participating  in  some 
of  these  minute  organic  treasures  from  "  the  Charing  Detritus,"  as 
the  disintegrated  Chalk-marl  of  the  locality  was  termed  b^  w«. 
lamented  friend. 


'  383  Obiimry — JbA/i  LeckmbS' 

Prof.  W,  0.  WillUmBon.  in  1847.  figiirod  and  described  some  (rf 
tbe  small  foBsils  from  Charing  in  liia  comprelieneiTe  and  far-sefing 
memoir  "  On  some  of  the  microscopical  objects  found  in  tlie  Levant, 
and  other  deposits ;  with  remarks  on  the  mode  of  formation  of 
cnlcareous  and  HiliceouB  rocks,"  Mem.  Manchester  Lit.  Pliil.  Soc., 
vol.  viii.  See  also  the  mipplemeutal  "  Correotions  of  the  Nomeu- 
claluro  of  the  Ohjeots,"  etc.,  oy.  eit.,  third  series,  vol.  v.  1872.  Dr. 
Mantell  also  noticed  the  exoellent  resnlls  of  Mr.  Harris's  labonn  on 
the  "  Chalk-detntUB  "  and  it^s  Animal cnlites  in  the  sixth  edition  of  lii« 
"Wonders  of  Greology,"  1848,  and  in  his  "Medals  of  Crearion," 
1854,  etc. 

The  Entomostraca  frotu  the  some  eonrce  were  the  incentive,  and 
supplied  the  chief  materiiO  for  the  "  Monograph  of  the  EntomoBtTMS 
of  tlie  Cretaceous  Formation  of  England."  Palreontogr.  Soc,  18i9: 
and  for  its  revision  in  the  Gbolooioai,  M&oazine.  Vol.  TTI.,  No.  2. 
February,  1870.  Mr.  Harris's  collection  of  similar  fossils  fnnn  the 
Gftult  of  Kent  added  Ifwgcly  to  the  completion  of  that  Monograpk 

Of  the  Foraminifera  and  other  fo«sile  thus  oollected  at  and  neoi 
Clmring,  many  increased  the  lists  in  the  seoond  edition  of  Prof 
Morris's  "Catalogue  of  British  Fossils,"  1854,  and  aro  duly 
acknowledged  in  the  preface.  Some  small  Braohiopods  were  worthy 
of  Mr.  Daviilson's  (tttention  and  description ;  and  other  rare  fossils  in 
Mf.  Harris's  collection  are  fignred  in  Dixon's  Geology  of  Sussex,  etc 

Mr.  Harris  devoted  much  of  his  leisure  to  mapping  the  areas  of 
the  Cretaceous  strata  about  Charing  on  the  One-inch  Ordnance  Mnp; 
and  tlie  Ge'dogical  Surveyors  were  pleased  to  avail  themselves  of  his 
■work  as  far  as  they  could.  In  company  with  the  writer,  in  18S4,  he 
found  the  fossiliferons  specimens  of  Tertiary  ironstone  in  sandpipes 
of  the  Chalk  near  Lenham,  which  added  se  much  te  our  knowledge 
of  the  "  Kentish  Crag,"  when  studied  by  Messrs.  Prestwich  and 
Searles  Wood  (Quart.  Journ.  Geol.  Soc,  vol.  xiv,  p.  325,  and  p. 
333).  Mr.  Harris  also  worked  indefatigably  in  tracing  the  extent  of 
this  fossiliferons  ironstone  in  his  immediate  neighbourhood  ;  and  he 
had  diggings  made,  at  considerable  expense,  on  the  hill  above 
Charing  to  the  depth  of  about  30  feet.  Mr.  Prestwich  gives  an 
account  of  these  in  his  paper  above  referred  to. 

Thus,  as  one  of  the  many  qniet  workers  in  rural  districts,  carefully 
observing  nature,  and  looking  with  knowledge  on  antiquities,  fossils, 
and  all  traces  of  the  past,  Mr.  Harris  took  pleasure  both  in 
collecting  and  in  commanicating  everything  of  oae  and  int«reBt  that 
could  be  learnt  within  his  field  of  observation.  T.  H.  J. 

JOHN  LECKENBY,  ESQ.,  J.P.,  F.G.S. 
BoBH  ISU.  DiBD  1^77. 
It  ie  with  no  ordinary  feelings  of  regret  that  we  record  the  loss  of 
an  excellent  Yorkshire  geologist,  whose  death  leaves  a  sad  blank  in 
our  circle  of  scientific  friends.  Mr.  Leekenby  was  a  native  of 
Eipon;  he  came  to  reside  at  Scarborough  upon  his  appointment  to 
the  York  City  and  County  Bank  in  1837,  then  recently  established. 
From  that  latter  date  the  direction  of  his  mind  towards  the  cultira- 
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tion  of  the  natural  soienoes  commenoed ;  be  quiokly  formed  the 
acquaintance  and  friendship  of  Dr.  Wm.  Smith,  who  at  that  time  re- 
sided at  Scarborough,  and  also  of  Mr.  William  Bean  and  Dr.  Lycett. 

For  several  yeara  he  was  known  only  as  a  diligent  collector  of  the 
varied  objects  yielded  by  the  coast  of  that  part  of  Yorkshire,  more 
especially  of  tiiie  recent  shells,  and  he  never  ceased  to  add  to  and 
improve  his  collection  of  British  MoUusca  until,  at  his  death,  they 
had  become,  with  a  single  exception  (fhat  of  Dr.  J.  Gwyn  Jeffreys), 
the  finest  collection  of  British  shells  known.  About  the  same  time 
C1837)  the  discovery  by  Mr.  Bean  of  the  considerable  Oolitic  flora 
in  the  shore-beds  of  Oristhorpe  Bay  and  the  publication  of  his 
specimens  by  Lindley  and  Hutton  in  their  Fossil  Flora  of  Great 
Britain,  had  an  important  influence  upon  the  mind  of  so  enthusiastic 
a  young  man  as  Mr.  Leckenby,  and  materially  aided  in  directing  his 
attention  to  Geology  and  Paleeontology.  In  the  pursuit  of  the  latter 
science  it  became  his  especial  object  to  acquire  the  finest  possible 
specimens,  or,  to  use  his  own  expression,  *'  he  loved  to  see  nature 
with  clean  face  and  hands."  His  fine  museum  of  fossils  was  trans- 
ferred during  these  later  years  to  the  Woodwardian  Museum  at  the 
University  of  Cambridge.  He  made  several  oontributiooe  to  the 
pages  of  this  Magazine,  and  also  to  the  Quarterly  Journal  of  the 
Geological  Society  of  London,  vols.  xv.  xix.  and  xx. 

His  genial  and  hospitable  disposition  won  for  him  a  large  circle 
of  friends  both  in  Scarborough  and  London.  Tlie  progress  of  the 
fatal  disease  to  which  be  succumbed  was  rapid,  and  dates  only  from 
September,  1876. 

JAMES    BRYCE,    ESQ.,    Mi.A.,    LL.D.,    F.G.S. 

BoBX  1806.    Died  1877. 

By  a  deplorable  accident  Science  has  lost  a  most  able  geolo- 
gist through  the  death  of  Dr.  James  Bryce,  which  occurred  in  the 
pass  of  Inveifarigaig,  near  Foyers,  whilst  on  a  geological  excursion. 
He  had  sallied  forth  alone,  hammer  in  hand,  to  examine  the  rocks 
in  the  pass,  and  whilst  pursuing  his  researches  on  the  top  of  the 
cliff  he  must  have  inadvertently  stepped  upon  a  loose  piece  of  rock, 
which  giving  way  beneath  him,  he  was  precipitated  to  the  foot  of 
the  clifl*,  where,  thiee  hours  later,  his  lifeless  body  was  found  by  two 
gamekeepers. 

James  Bryce,  son  of  the  Bev.  James  Bryce,  Presbyterian  minister, 
was  bom  at  Kalleague,  near  Coleraine,  in  the  north  of  Ireland, 
October,  1806.  The  greater  part  of  his  early  education  he  received 
at  home ;  but  he  subsequently  went  to  the  University  of  Glasgow, 
where  he  graduated,  having  specially  distinguished  himself  in 
Greek,  and  carried  off,  among  other  honours,  the  Blackstone  -prize. 
After  leaving  College,  he  acted  as  mathematical  master  in  the  Belfast 
Academy,  until,  in  1846,  he  was  appointed  to  superintend  the 
Mathematical  and  Geographical  Department  of  the  High  School, 
Glasgow.  There  he  spent  the  greater  part  of  his  life,  diligently 
discharging  his  daily  duties  and  earnestly  endeavouring  to  promote 
the  teaching  of  science  in  schools  when  that  was  not  so  po^^ular  q& 
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now.  In  reoognition  of  hia  seryioes  in  ibis  and  other  oapacitiet.  hii 
Alma  Mater  in  1855  oonferred  the  degree  of  LL.D.  Three  yean 
ago  he  retired  from  soholastio  work,  and  oame  to  reside  in  Edin- 
burgh, where,  as  in  the  West,  his  genial  disposition,  not  less  than 
his  intelleotoal  activity  and  varied  aoquirements,  so<mi  gained  him  a 
wide  circle  of  friends.  Prominent  for  many  years  among  Scotch 
edacationists.  Dr.  Bryce  took  an  active  part  in  founding  the  Educa- 
tional Institute,  of  which  he  was  President  in  1852.  In  1874  he 
was  President  of  the  Association  of  Higher  Class  Pnblic  School- 
masters ;  and  within  the  last  few  months  he  acted  as  seoretaiy  to 
the  committee  for  securing  the  continuance  of  the  Sootoh  Edaoation 
Board.  His  contributions  to  educational  literature  were  nomerooi, 
but  to  the  general  public  he  was  perhaps  better  known  as  an  inde- 
fatigable  geologist  When  quite  a  young  man,  he  contribnted  many 
papers  to  scientific  journals  upoi^geological  subjects,  and  in  1834  he 
became  a  Fellow  of  the  G^logical  Society  of  London.  When  remdent 
in  Belfast,  he  carefully  investigated  the  geology  of  Antrim,  and  parti- 
cularly of  the  Giants'  Causeway,  and  these  researches,  the  resnltB  of 
which  were  published  from  time  to  time,  threw  not  a  little  light  on 
the  character  of  basaltic  formations.  After  removing  to  Glasgow,  he 
devoted  much  attention  to  Arran,  and  in  doe  time  produced  an 
excellent  work  on  the  geology  of  that  remarkable  island,  now  in  its 
second  edition.  He  made  another  important  contribution  to  the 
London  Geological  Society  on  the  rooks  of  Skye  and  Baasay.  In 
Glasgow,  Dr.  Bryce  took  a  warm  interest  in  the  proceedings  of  the 
Philosophical  Society,  of  which  he  was  President  for  two  years.  As 
convener  of  the  British  Association's  Committee  on  Earthquakes,  he 
conducted  experiments  at  Comrie,  regarding  which  interesting  re- 
ports were  made.  Durinpf  the  three  years  he  resided  in  Edinburgh, 
ho  was  assiduous  in  attendance  at  the  meetings  of  various  scientific 
societies.  Of  the  Royal  Society  he  was  a  fellow  and  councillor ;  and 
of  the  Geological  Society  a  fellow  and  senior  Vice-President  Dr. 
Bryce,  it  may  be  also  mentioned,  was  editor  of  a  Cyclopaodia  of 
Physical  Geography.  For  several  years  he  has  been  working  at  the 
geology  of  the  North  West  Highlands,  to  which  he  made  many 
excursions.  lie  was  a  keen  and  intelligent  observer  of  geological 
facts  ;  and  outside  the  family  circle  seemed  never  happier  than  when 
travelling,  hammer  in  hand,  through  a  district  which  promised  to 
reward  research.  It  is  a  melancholy  coincidence,  that  it  had  been 
intended  to  ask  Dr.  Bryce  to  lead  the  next  excui-sion  of  the  Inverness 
Field  Club  to  the  very  glen  in  which  he  has  so  suddenly  closed  an 
active  and  useful  career. — The  Weekly  Scotsman,  July  14th,  1877. 
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Dixon's  Geology  op  Sussex.  4to.  1850,  pp.  454,  with  60  "Woodcuts  and  44 
Plates. — This  fine  work,  published  after  Mr.  Frederick  Dixon's  death,  under  t'.e 
able  editorship  of  Professor  Owen,  C.B.,  assisted  by  Professors  Thos.  Bell,  F.R.S., 
£dward  Forbes,  F.R.S.,  Mr.  Wm.  Lonsdale,  F.R.S.,  Mr.  James  De  Carle  Sowerby, 
and  Sir  Philip  Grey  Egerton,  Bart.,  M.P.,  F.  R.S.,  is,  we  understand,  after  an  intcrv.-il 
ity-seven  years,  to  see  a  second  edition,  prepared  by  Professor  T.  Rupert  Jones, 
F.G.S. ;  assisted  bv  Professor  Owen,  C.B.,aud  numerous  other  ge(»logical  and 
jgioal  irieuds.    Ho  be  p\i\)Us\i^\)^'  "^ ,  5 .  ^tD\v\i,'Virv^\»\i, 
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-The  Kessinoland  Freshwateb  Bed  and  Wetboubnb  Samd. 

By  S.  V.  Wood,  Jun.,  F.G.S.,  and  F.  W.  Harhbb,  F.G.8. 

WO  papers  in  the  July  Number  of  this  Magazine,  one  by  Mr.  J. 
H.  Blake,  and  the  other  by  Mr.  C.  Eeid,  impugn  certain  repre- 
tations  given  by  us  of  beds  on  the  Norfolk  and  Suffolk  ooasta,  and 
aand  from  us  some  remark. 

\8  the  paper  of  Mr.  Blake,  "  On  the  Kessingland  Cliff  Section," 
!S  not  introduce  any  new  fact,  either  as  to  the  section  itself,  or  in 
itradiction  or  qualification  of  the  evidence  which  was  offered  in 

•  joint  paper  in  the  Quarterly  Journal  of  the  Geological  Society 
February,  1877,  or  in  the  separate  paper  by  one  of  us  in  the 

le  Journal,  we  have  only  to  say  that  we  have  never  advanced, 

•  do  we  entertain,  any  decided  opinion  that  the  freshwater  beds 
the  section  are  of  interglacial  age ;  and  that  we  only  suggested 

possibility  of  such  a  thing  as  a  matter  for  consideration  in  con- 
Lion  with  other  interglacial  features  described  by  us. 
k>  far  as  we  can  see,  Mr.  Blake's  objections  amount  to  this,  that 
shwater  beds  with  roots,  overlain  by  the  Lower  Glacial  beds, 
ur  in  Gorton  cliff,  and  in  places  on  the  Cromer  coast ;  and  that, 
refore,  they  are  necessarily  of  the  same  age  as  those  of  Eessing- 
d,  which  are  not  so  overlain.  On  this  point  we  beg  to  refer  your 
ders  to  the  observations  made  by  us  in  the  **  Introduction  to  the 
^plement  to  the  Crag  Mollusca"  (p.  xv),  as  to  the  improbability 
any  denudation  having  so  evenly  removed  the  Lower  Glacisd 
Is  (which  must  have  once  covered  this  district,  since  they  occur  in 
siderable  thickness  in  the  neighbourhood)  without  leaving  a  trace 
them,  and  yet  have  spared  the  root-indented  sui-face  of  the  un- 
itified  bed  of  clay,  throughout  the  whole  length  of  the  section, 
ich  extends  for  more  than  a  mile. 

rhe  interglacial  denudation,  with  which  we  suggested  in  our 
it  paper  the  bed  in  question  might  he  connected,  rests,  however, 
far  clearer  evidence ;  and  the  very  case  which  Mr.  Blake  would 
ame  in  explanation  of  the  preglacial  age  of  these  freshwater 
>osits,  viz.  the  removal  of  the  Lower  Glacial  beds  before  the 
position  of  the  Middle  Glacial,  involves  the  admission  of  such 
ludation. 

^Ir.  Blake  says  that  the  section  given  in  the  separate  paper  by  one 
us,  as  well  as  the  description,  is  inaccurate ;  but  he  does  not 
cify  in  what  respect ;  nor  does  he  say  anything  about  the  series 
beds  which  Mr.  Gunn  shows  in  his  section  as  intQrveiiim^V^\.\(iQ(^\i 
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the  foresi-bed  of  Ketsmgland  and  the  Middle  Olaoial  niida-4Mdi 
whioh  we  say  have  do  existence  there ; — but  as  Mr.  Blake  tamnm» 
|tn  opinion  that  these  forest-beds  in  «tM  are  imdoabtedlY  icwi^cil 
with  similar  beds  beneath  the  contorted  drift  in  Gorton  (uif^  and  tt 
Hasbro',  and  Ronton  on  the  Cromer  coast,  we  may  refer  to  the  paper 
of  his  colleague,  Mr.  Beid,  in  whioh  the  ezistenoe  ot  the  forest-bed 
in  sitik  along  thai  coast  is  called  in  question  altogether. 

It  will  be  interesting  to  see  the  various  views  of  the  genflemen  of 
the  Geological  Survey  brought  into  the  harmony  reqairite  for  the 
Memoir  on  East  Anglian  Gkology  which  Mr.  Blake  promises  na. 

With  reject  to  Mr.  Beid's  paper  we  would  observe : 

Firstly.  That  the  Norwich  Crag  and  Chillesford  Clay,  which  manj 
have  found,  and  some  stUl  find,  at  Weyboume  and  eLsewbere  ahn^ 
the  Cromer  coast,  but  which  we  have  always  contended  do  not  oooar 
there  unless  concealed  beneath  the  beach,  have  no  place  in  Mr.  Beid's 
section.    So  far,  therefore,  we  agree  with  him. 

Secondly,  That  as  regards  the  ^shwater  bed  (Na  d)  shown  by  him 
to  be  irr^ularly  interposed  between  marine  sands  (2  and  4),  Six 
Charles  Lyell,  in  his  paper  on  Norfolk  in  the  PhiL  Mag.  for  1840, 
showed  that  the  freshwater  bed  at  Runton  (which  we  presume  is 
part  of  Mr.  Beid's  No.  3)  was  both  overlain  and  underlain  by  marine 
sands  (the  lower  called  Crag  by  Sir  Charles).  The  improbability  of  a 
purely  freshwater  bed  in  sitii  thus  occurring  as  a  mere  patch,  or  raUier 
lump,  between  marine  sands  without  there  being  any  transition  into 
or  out  of  it,  raised  doubts  of  its  correctness,  so  that  one  of  us,  in  his 
"  Bemarks  and  Map,"  circulatod  in  1865,  suggested  that  nothing  but 
a  clean  vertical  section  would  be  conclusive  on  the  point  This 
section  has  since  been  made,  and  it  appeal's  that  Sir  Charles's  repre- 
sentation was  coiTect.  The  original  difficulty  therefore  recurs,  and 
the  question  arises  whether  this  freshwater  bed  of  peaty  sandy  clay, 
which  is  only  a  thick  mass  a  few  yards  long,  or  any  other  similar 
patches,  are  beds  in  situ  or  not.  Mr.  Norton  seems  to  think  that 
much  of  the  long-quoted  *  forest-bed  '  of  the  coast  is  not  in  aiVil,  and 
Mr.  Beid  expresses  himself  very  decidedly  as  of  that  opinion.  If  this 
should  prove  to  be  correct,  it  might,  were  it  not  for  Mr.  Beid^s  state- 
ment that  rootlets  penetrate  the  sands,  jwssibly  explain  the  whole 
matter  by  showing  that  some  parts  of  these  peats  and  freshwater 
and  forest  remains  along  the  Cromer  coast  are  portions  of  the  pre- 
glacial  land-suiface,  which  were  stripped  off  by  ice  which  formed 
over  it,  and  were  caiTied  with  it  into  the  estuary,  in  the  sands  of 
which  they  became  imbedded,  in  the  same  way  that  sheets  of  chalk, 
hundreds  of  feet  long,  and  several  feet  thick,  were  stripped  off  the 
surface  and  carried  into  the  Cromer  Till  just  over  these  sands  when, 
somewhat  later,  the  formation  gave  place  in  the  same  estuary  (as  we 
take  it)  to  that  of  the  Till.^     We  are  sceptical  as  to  whether  the  in- 

*  "We  haye  seen  sheets  of  sandv  peat  also  imbedded  in  the  TiU  itself  near  Cromer; 
and  in  the  sections  of  the  Norfolk  cliif  which  accompany  the  "  Remarks  and  Map  " 
circulated  by  one  of  us  in  1865,  the  sands  in  question  are  about  Sidestrand  (where 
Mr.  Reid  represents  his  freshwater  bed  as  intercalated  between  marine  sands] 
daioribed  as  cnarged  with  the  debris  of  the  forest  bed  with  freshwater  mollusca  ana 
(A***  of  those  sections).    With  the  exception  of  the  lamp  at  Riiiitoii»  neither  of 
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distinct  markings  in  the  sand  which  Mr.  Beid  believes  to  be  rootlets 
are  really  such;  and  this  point  must  be  satisfactorily  established 
before  any  division  of  these  marine  sands  into  two  beds  by  the  inter- 
vention of  a  land-surface  can  be  admitted.  The  mere  presence  of 
the  opercula  of  freshwater  shellsy  or  even  of  freshwater  shells 
themselves,  which  Mr.  Beid  occasionally  finds  in  these  beds,  cannot 
be  looked  on  as  conclusive  of  their  freshwater  origin,  since  fresh- 
water shells  are  found  in  those  parts  of  these  sands  which  are  un- 
doubtedly marine,  or  at  most  slightly  fluvio-marine.  Apart,  tliere- 
fore,  from  the  existence  of  the  black  peaty  bed  at  Bunton,  but  which 
may  be  explicable  in  the  way  suggested  above,  we  have  never  seen 
anything  in  these  Weyboume  sands  which  would  justify  Mr.  Beid^s 
division  of  them  into  two  marine  beds,  separated  by  a  freshwater 
deposit  or  land-surface. 

Thirdly,  The  passing  up  of  the  Weyboume  sand  into  the  Till  is 
denied  by  Mi\  Beid.  We  are  surprised  at  this,  for  at  many  clean 
exposures  which  we  have  from  time  to  time  met  with,  this  was 
clearly  visible.  It  was  so  at  Weyboume  most  distinctly;  and  it  was 
so  over  the  Bunton  peaty  bed,  where  the  sand  with  pebble  seams 
below  the  Till  alternates  with  bands  of  clay,  indistinguishable  from 
the  Till  itself;  while  between  Cromer  and  Mundesley  these  beds 
arch  up  in  great  thickness  above  the  beach,  and,  darkened  by  and 
interstratified  with  lignitic  debris,  change  so  gradually  into  the  Till 
by  alternation  of  pebble  seams,  chalky  silt,  and  lignitiferous  sand 
with  clayey  Till,  that  it  is  impossible  to  draw  even  an  approximate 
line  between  the  two  deposits.  On  the  other  hand,  there  are  near 
Hasborough  distinct  unconformities  in  the  stratified  material  by 
which  the  Till  and  contorted  drift  are  indistinguishably  represented 
at  that  end  of  the  cliff  section,  but  these  we  regard  as  simply  the 
efifect  of  shoaling  and  of  current  action  during  the  accumulation  of 
these  beds  (see  No.  11.  of  the  sections  accompanying  our  map  in 
the  Supplement  to  the  Crag  Mollusca).  It  is  obvious  tliat  if  the  two 
deposits,  the  pebbly  sands  and  the  Till,  do  not  pass  into  each  other, 
there  must  exist  everywhere  a  line  of  denudation  between  them,  be- 
cause there  could  not  have  been  an  intermediate  conversion  into 
land  without  it;  and  this  line  should  be  visible  everywhere  along 
the  coast  where  the  section  is  clear,  and  not  be  confined  to  the  dips 
or  plunges  shown  in  Mr.  Eeid's  section,  which  seem  to  us  only  part 
of  the  chsturbances  caused  by  the  grounding  of  bergs  in  the  con- 
torted drift,  by  which  the  Till  and  that  diift  have  been  in  jjliioes 
affected,  in  common  with  the  sands  in  question.  We  have  also  soon 
these  sands  interstratified  with  the  Contorted  Drift  in  thenei«^h1)()ur- 
hood  of  Norwich,  though  Mr.  Beid  appeals  to  Mr.  H.  B.  Wood- 
ward's experience  of  that  neighbourhood  to  the  contrary.  The 
quarry  by  Guist  Church  shows,  or  did  show,  also,  the  same  thing-. 

Fourthly,  As  regards  Tellina  Balthica,  Mr.  Beid  is  in  error  in  .sup- 

os  haa  ever  represented  the  forest  bed  and  its  associated  fr^h water  deposits  as  in 
sitA  to  the  west  of  Mundoslev,  but  only  to  the  east  of  that  place,  where  we  still 
beUeTe  the  freshwater  beds  with  mammalian  remains  occur  in  that  state,  whatever 
be  the  case  as  regards  the  arboreal  remains  there. 
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pofiing  that  we  have  referred  to  it  as  a  peonliarly  Arotio  ahelL  If  he 
had  remembered  that  it  is  foond  now  living  eveKywhere  on  the 
Norfolk  ooast,  he  would  hardly  have  attributed  to  ub  such  ezoeptioDal 
shnplicity.  What  we  have  contended  is  that  this  ahell«  which  ii 
Arctic  as  well  as  West  European,  has  not  occurred  in  any  bed  of 
Crag  age,  notwithstanding  various  assertions  to  the  oontnoy ;  and 
that  therefore  as  it  does  occur  (and  always  in  abundanoe)  in  eveiy 
fossiliferous  marine  bed  of  newer  age  than  the  Crag^  it  fbxnishes  a 
clear  palaeontological  horizon  by  which  to  divide  the  Crag  from  bedi 
of  Glacial  age.  With  the  exception  of  TurriteUa  ierebrat  Flmm^ema 
turrictdat  Ostrea  eduUs,  and  a  species  of  Laetma,^  all  the  marine 
shells  mentioned  by  Mr.  Beid  as  discovered  by  him  in  these  Wi^- 
bourne  sands  will  be  found  in  the  Lower  Glacial  oolomn  of  the 
tabular  list  in  the  ''Supplement  to  the  drag  Mollnsca,"  or  in  the 
additions  thereto  given  in  the  note  to  our  joint  paper  in  tiie  Quarteriy 
Journal  of  the  Geological  Society  for  February,  1877;  and  it  is  satis- 
factory to  us  to  find,  by  the  few  additions  only  whidi  have  resulted 
from  Mr.  Reid's  lengthened  stay  upon  and  study  of  this  coast,  that 
we  had  so  nearly  arrived,  by  our  own  researches,  at  the  moUusosn 
fauna  of  these  Lower  Glacial  sands. 

Lastly,  If  we  understand  Mr.  Keid's  paper  aright,  he  thinks  that 
the  beds  between  the  Ohalk  and  the  Till  on  the  coast  constitute  only 
one  formation,  and  that  such  formation  is  an  estuarine  one.  This  is 
what  we  have  always  contended,  only  we  add  to  it  that  this  forma- 
tion is  the  same  as  the  pebbly  sands  described  by  one  of  us  in  1866, 
under  the  name  of  "  Bure  Valley  beds,"  and  afterwards  by  Prof. 
Prestwich  in  1870  under  the  name  of  "Westleton  Shingle;"*  and 
also  that  the  Till  is  merely  a  continuation  of  the  same  deposit,  due  to 
increasing  depth  of  water  combined  with  glacial  action  ;  and  this  is 
one  of  the  verj'  few  things  connected  with  the  Glacial  beds  as  to  which 
wo  feel  no  doubt.  It*  the  pebbly  sands  thus  characterized  by  Tellina 
Baltliica,  which  form  the  base  of  the  Cromer  Till  (or  Lower  Boulder- 
clay  of  Mr.  Reid  and  others),  are  to  be  rejected  from  the  Glacial 
formation,  to  which,  although  they  may  present  no  indications  of 
glacial  action,  they  structurally  belong,  because  their  marine  fauna 
is  not,  as  is  the  fact,  more  Arctic  than  the  uppermost  beds  of  the 
Crag  (though  both  contain  several  species  of  mollusca  that  now  live 
only  in  Arctic  seas),  then  most  assuredly  the  sands  and  gravels 
which  we  term  Middle  Glacial  should  be  rejected  tJso  from  the 
Glacial  formation,  because  their  molluscan  fauna  is  even  less  Arctic 

^  The  Cardium  Grwnhndictwi  of  Mr.  Reid  is  no  doubt  the  shell  given  in  the  tabular 
list  which  accompanies  the  '*  Supplement  to  the  Crng  Mollusca,"  as  Cardium  Ishnd' 
icvm  with  a  ?  These  imperfect  decorticated  specimens  of  Cardium  cannot  be  identified 
with  any  certainty. 

2  It  18  not  our  business  to  defend  Prof.  Prestwich's  identification  of  the  shingle  at 
Westletou  with  these  Weybourne  sands,  which  the  gentlemen  of  the  Survey  impugn; 
but  with  respect  to  the  "identity  which  they  discover  between  that  shingle  and  the 
mass  which  plunges  into  the  Middle  Glacial  sand  of  Dunwich  cliif,  wc  beg  to  saj 
that  this  shingle  (gravel)  was  several  years  ago,  when  that  cliff  could  be  ascended  at 
the  spot,  ana  closely  examined,  divi'ded  at  one  end  from  the  Middle  Glacial  sand 
^*  Uh  it  by  a  denuded  remnant  of  the  Upper  Glacial  clay,  in  the  manner  shown  in 
i  Ef  which  accompanies  the  xnfip  in  u\e  "  Su^ulement  to  the  Crag  Mollnaca," 
b«|M  this  remnant  may  atili  be  {o\mj3LMV>oVfiflLlQit. 
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than  is  that  of  the  sands  in  question,  while  the  relation  borne  by 
them  to  the  Chalky  clay  which  rests  on  them  is  at  least  as  distinct  as 
is  that  of  the  pebbly  sands  to  the  overlying  Till.  Both,  however,  in 
cor  opinion,  are  not  only  part  of  the  Glacial  formation,  but  the  Till 
in  the  one  case,  and  the  Chalky  clay  in  the  other,  are  equally  con- 
tinuations of  the  sand  deposits  beneath  them  by  change  in  the 
material  deposited.  We  may  add,  also,  in  opposition  to  Mr. 
Beid's  assertion  that  the  climate,  as  shown  by  the  land  animals  an<l 
plants,  was  no  colder  than  at  present,  that  Sir  Charles  Lyell 
(''  Antiquity  of  Man,"  p.  262)  stated  that  a  Swedish  geologist  recog- 
nized among  the  lignite  beds  of  the  sands  in  question  the  remains  of 
Salix  polaria,  now  only  known  within  the  iictio  circle,  and  of  an 
Arctic  moss,  Hypnum  turgescens,  only  found  living  in  temperate 
latitudes  on  the  extreme  heights  of  the  Alps.  Most  of  the  land  and 
freshwater  shells  mentioned  by  Mr.  Beid,  and  referred  to  by  him 
in  support  of  his  contention  as  still  living  in  Norfolk,  occur  also 
within  the  Arctic  circle ;  and  the  rest,  there  can  be  little  doubt, 
are  also  denizens  of  the  same  region,  though  their  presence  there  has 
not  been  actually  recorded.  Perhaps  he  will  go  on  to  tell  us  what 
foims  of  land  or  freshwater  moUusca  beyond  what  are  known  as 
from  these  or  from  Crag  beds  would,  if  present,  indicate  an  Arctic 
climate.  Seven  or  eight  species  belonging  to-  the  genera  Helix, 
Pupa,  Suecinea^  PUsnorhis,  and  Lymnnea,  from  Greenland,  are  given 
as  distinct  by  Mdller ;  but  it  is  very  doubtful  wether  these  are  any- 
thing more  than  well-known  temperate-climate  species. 

In  oonclusion,  we  would  observe  that  if  Mr.  Beid's  diagram  section 
is  correct,  the  actual  sections  at  and  near  the  termination  of  the 
Weyboume  cliff  must  have  greatly  changed  of  late  years,  for  it  is 
evident,  from  Prof.  Prestwich's  sections  of  the  cliff  between  Sherring- 
bam  and  Weybourne  (both  those  published  in  his  paper,  and  those 
berades  which  were  exhibited  on  its  reading,  all  of  which  differ  from 
ours  only  in  representing  the  lowest  part  of  the  beds  in  question  as 
Crag  and  Chillesford  Clay),  that  during  the  period  of  his  acquaintance 
with  the  cliff  near  Weyboume,  he  had  not  observed  in  it  the  some- 
what thick  freshwater  bed  which  Mr.  Beid  represents  as  there  ex- 
tendii^  continuously  and  intervening  imconformably  between  marine 
sands;  and  our  experience  of  those  sections,  except  so  far  as  concerns 
the  reference  of  any  part  of  them  to  the  Crag  and  Chillesford  Clay, 
is  in  accord  with  that  of  Prof.  Prestwich. 


II. — ^AOBOSS   EUBOPE   AND    ASIA. ^TRAVELLING   NoTES. 

By  Professor  Johx  Milne,  F.G.S.  ; 
Imperial  College  of  Engineering,  Tokei,  Japan. 

(Continued  from  p.  346.) 
Part  IZT. — Perm  to  Ekaterinburg  and  Ntjni  Tagil. 

CoNTKKTS. — Perm. — ^Aroes  the  Urals. — Ekaterinburg — Gold  Mines  of  Beresovsk. — 

Ride  to  Nijni  Tagil. — Mines  of  Nijni  Tagil. 

PERM  is  known  to  the  Russians  like  Woolwich  is  to  the  English. 
as  being  a  great  cannon  manufactory.   It  is  said  to  employ  4000 
workmen,  and  is  the  largest  establishment  of  the  k\wd  m  ^>\^i\^. 
To  see  it  one  must  go  about  three  miLea  fatticL^t  \i^  \^^  tvn^x.    \i^^ 
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driying  there  I  passed  a  section  of  a  whitish  fissile  rook,  whiob  mi 
apparently  a  lo<»J  representative  of  the  Permian  stnia.  The  moit 
noticeable  thing  at  the  works  was  a  large  steam  hammer,  aaid  to  be 
the  largest  in  the  world.  The  wei^t  of  the  head  of  this  initra- 
ment  is  60  tons,  but  when  steam  is  employed  the  energyr  is  equhs- 
lent  to  three  times  this  amomit.  The  anvil  on  which  this  fidfs  iis 
solid  block  of  cast  ircm,  weighing  667  tons.  Up  till  qoile  rsoenthr 
all  the  coal  used  at  these  works  was  brought  ^om  Ei^^laiid,  whia 
naturally  involved  considerable  enense.  Now  th^  nse  their  o»b 
coal,  which  is  found  on  both  sides  of  the  nei^boming  Ursls  in 
great  abundance,  coke  only  being  broiight  from  England.  Has 
costs  about  £5  per  ton.  It  was  not  until  the  evening  of  the  6th 
September  that  my  carriage,  in  which  I  intended  to  eroes  the  Unb^ 
was  engaged.  I  started  in  the  middle  of  the  night  Few  the  fint 
Go  versts  (1  verst=f  of  a  mile)  I  saw  nothing  bat  a  few  fir-tiees 
and  quantities  of  biroh,  after  which  a  white  rook  began  to  orop.  vp 
at  various  points,  especially  at  those  points  where  we  wound  xoond 
or  cut  through  some  nudidations  which  relieved  what  had  hitherto 
been  a  melancholy  flatness.  Bight  and  left  of  the  road,  which  in 
many  places  seemed  like  a  pleasant  avenue  of  birches,  were  rolling 
plains  of  yellow  com  and  stubble  land.  These  vast  expanses  <tf 
oi>en  land,  which  are  chiefly  used  for  the  cultivation  of  com,  dearly 
indicated  the  cutting  down  of  large  forests,  the  blearing  away  of 
which  appears  to  have  influenced  the  rainfall,  and  consequently  the 
flow  of  rivers.  This  wholesale  cutting  down  of  tho  timber  seems  to 
litive  bad  its  greatest  impetus  at  the  time  of  the  Crimean  War,  when 
the  manufactories  of  St.  Petersburg  and  other  large  towns  were  pre- 
vented from  receiving  their  accustomed  supply  of  coals  from  external 
Bourcjes.  From  these  times  the  use  of  wood  became  firmly  established, 
as  it  was  found  to  be  so  economical,  not  only  in  its  first  cost,  but, 
n?nong  other  reasons,  from  its  not  burning  up  the  fire  bars  of  their 
f  iii-naces  as  coal  did. 

The  first  village  of  any  size  that  we  saw  upon  the  road  was 
Kongar,  just  befoi-e  reaching  which  there  was  a  descent  so  steep 
that  it  necessitated  the  use  of  a  drag.  This  I  mention,  because  it 
never  occurred  again,  the  plan  being  to  ohcurge  down  one  hill  in 
Older  to  acquire  sufficient  momentum  to  ascend  the  next.  After  we 
had  left  Kongar,  I  heard  that  there  was  a  cave  there,  which  my 
informant  told  me  was  worthy  of  a  visit  We  were  now  in  an 
undulating  country,  the  contours  of  which  were  smooth  and  round, 
j^lost  of  the  hills  were  cultivated  to  their  summits,  but  some  few 
had  a  covering  of  trees.  In  the  evening  we  found  ourselves  at  the 
t tilth  station  out  of  the  eighteen  we  had  to  pass  before  this  section 
of  our  journey,  which  was  as  far  as  Ekaterinburg,  would  be  over. 
All  the  following  day  we  were  amongst  the  spurs  of  the  Urals. 
Tlie  hills  around  us  were  only  of  a  moderate  height.  Patches  of 
trees  upon  their  sides,  and  dotted  on  the  plains  and  winding  valleys 
at  their  base,  gave  to  them  a  rural,  park-like  aspect  As  we  ascended, 
small  streams  grew  smaller,  and  told  us  that  the  water  parting 
which  divides  the  two  great  continents  was  near.  Large  flEit  magpies, 
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water- wagtails,  and  an  occasional  woodpecker  were  the  ol^ief 

we  saw.  A  few  flowers  still  remained  in  bloom ;  a  pretty 
y  Snap-Dragon  (Linarta  vulgaris)  and  the  white  heads  of  the 
petaloos  Chrysanthemum  inod^rum  were  common.  The  bell- 
d  heads  of  a  few  Campanulce,  a  purple  Pansy  (Viola  tricolor), 
pike-like  purple  heads  of  Veronica  spuria,  and  a  few  other 
3,  including  a  MeJgedium  hispodum,  which  I  believe  is  rare, 
also  to  be  seen.  But  about  the  few  plants  I  collected  I  will 
Qore  farther  on.  Above  the  flowers  a  few  butterflies  were 
;, — the  heavy  flutter  of  a  Camberwell  Beauty,  some  brown 
laries  and  a  white  Pteris,  all  reminding  me  of  the  fauna 
i  left  at   home.     Notwithstanding   the   cheering    aspect    of 

bright  relics  of  a  fading  summer,  a  yellow  tinge  upon  the 
ing  birches  told  me  that  the  *'  fall "  was  near.  During  the 
— for  we  rattled  along  in  our  springless  carriage  continuously, 

customary  when  travelling  in  Russia — it  was  now  cold,  and 
le  morning  everything  had  a  coating  of  hoar  frost.  After 
ng  the  River  Chesovoi,  we  passed  through  a  gap  in  some  high 
which  had  for  some  time  been  before  us,  and  which  in  fact 
>d  the  central  hard  granitic  core  of  this  portion  of  the  Urals, 
hen  descended  rapidly  towards  Ekaterinburg.     We  were  now 

over  the  borders.      Just  before  we  reached  the  town,  we 

>d  an  undulating  expanse  of  ground,  where  I  collected,  almost 

e  last  time  upon  my  journey,  a  few  more  flowers.     This  undu- 

is  a  boss   of  crystalline  rocks,  partly  dioritic.     These  are 

ently  traversed  in  a  north  and  south  direction  by  numerous 

of  quartz.  Near  some  of  these  veins  the  rock  had  quite 
jile  structure,  and  looked  as  if  shales  had  been  turned  on 
)arallel  witli  the  veins  of  quartz.  All  the  surface  soil  appears 
derived  from  the  disintegi-ation  of  the  subjacent  rocks.  It  is 
lore  than  1^  feet  in  thickness,  and  is  filled  with  anguleur  frag- 
j  of  stone.  The  town  of  Ekaterinburg,  which  we  reached  late 
e  afternoon  of  September  9th,  is  one  of  the  finest  towns  in 
ia.  It  appears  to  have  been  built  in  a  shallow  saucer-like 
5v.  One  of  the  employments  of  its  inhabitants  is  the  cutting 
rious  minerals  for  ornamental  purposes.  The  minerals  chiefly 
are  malachite  and  rock  crj'stal.     This  latter,  when  of  a  smoky 

and  often  when  clear,  is  called  by  its  vendors  topaz.     One 

that  is  striking,  not  only  in  Ekaterinburg,  but  also  in  most  of 
iberian  towns,  is  the  green  colour  of  the  roofs,  especially  the 
hes.  This,  I  believe,  is  made  from  crushed  malachite, 
len  in  England,  and  during  the  greater  portion  of  my  journey 
3  Russia,  I  had  the  impression  that  on  reaching  Ekaterinburg 
uld  find  myself  in  the  centre  of  the  Ural  Mining  District, 
^rass-grown  heaps  of  rubbish,  long- forgotten  "  dumps,"  which 
otted  over  the  surrounding  country,  told  me  that  Ekaterinburg 
e  time  might  perhaps  have  realized  my  expectations.  Exoept- 
ae  or  two  small  alluvial  workings  carried  on  in  search  of  gold, 
lining  days  of  Ekaterinburg  are  for  the  present  past.  The 
Bt  works  of  any  consequence  are  those  oC  B^x^^n^^  *<f^^^ 
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aro  about  twelve  luiles  distant.  Tlie  miooral  bora  eonght  isgnU. 
Hitherto  in  Siberitt  all  workings  for  gold  have  been  by  WD«tiing  tb» 
alluvium,  but  bere  operations  for  tbe  purpose  of  quarts  mining  an 
being  carried  on  in  an  energetic  nmnuer,  and  at  apparently  oon- 
siderablo  expense.  From  tbia  fact,  fcom  the  unusual  mode  in  whidi 
the  deposits  occur,  and  I  may  add  also  from  the  biatorioal  assada- 
tions  connected  wilh  the  Bereaovsk  mines,  it  being  to  these  aaoet 
that  many  of  the  early  Siberian  exiles  were  oondemned,  it  will  uot 
be  out  of  place  for  me  to  relate  the  littla  I  aaw  and  gleaned  during 
several  visits  that  I  paid  to  them. 

For  the  privilege  of  making  these  visits,  and  for  the  kind  ho^ 
tality  I  received  ivhilot  staying  there,  I  have  to  thank  G«nem 
Astershof,  their  chief  promoter,  the  rasident  director  and  eDgin«>9r. 
My  first  journey  to  tieresovsk  was  on  September  11th.  Owing 
to  the  breaking  of  the  axle-tree  of  our  carriage  and  a  fall  of 
snow,  we  were  detained  a  considerable  time  upon  the  road.  Tha 
greater  jiart  of  ibe  way  is  along  a  wide  open  clearing  through  fii 
woods.  Here  and  there  I  obtained  a  view  over  a  vride  flattiGb 
country,  whicli  appeared  as  if  its  suiface  bad  been  overturned  Hid 
washed  at  many  points.  Aa  ws  noarad  the  village  of  Beiwoni^ 
which  gives  its  name  to  the  mines,  I  saw  several  freably -opened 
pits  and  trenches,  all  indicative  of  gold-sejirchiug  operations.  Tlio 
first  discovery  of  this  metal  was  made  iu  the  year  1745,  when  it 
was  found  at  the  same  time  by  two  men  at  places  about  80  versU 
apart.  At  the  outset  all  the  workings  were  upon  quartz  reeia;  but 
in  1823,  gold-bearing  sand  having  been  discovered,  the  quart! 
mining   ceased,   and   the   works   assume  J   a   new   aspect.      These 
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^enite).  This  strikes  north  and  south  parallel  to  the  adjacent 
towards  which  it  also  dips.  It  is  very  much  broken,  very 
:inou8,  soft,  and  generally  irregular  in  its  character.  In  one 
ion  it  appears  to  merge  into  a  kind  of  serpentine.  Inter- 
ied,  so  to  speak,  or  at  all  events  running  parallel  with  the 
of  the  talcose  schists,  are  bands  or  dyke-like  masses  of  a 
ic  rock,  containing  but  little  mica,  called  beresite. 
)se  bands  vary  from  28  to  180  feet  in  breadth.  An  average 
bh  is  about  80  feet  As  they  descend,  they  become  denser  and 
ver.  In  one  shaft  that  I  descended,  which  was  sunk  altogether 
3  rock,  I  had  a  fair  opportunity  of  seeing  its  various  characters, 
the  surface  it  commenced  with  its  usual  appearance  of  a  white 
Bvhich  clay  I  was  told  was  used  for  making  fire-bricks ;  deeper 
however,  it  appeared  as  a  compact  grey  rock,  which,  owing 
non-splintery  character,  had  been  finished  off  with  as  smooth 
ace  as  that  of  an  ordinary  brick  wall.  These  bands  of  beresite 
dntly  occur  in  great  numbers,  and  in  the  neighbourhood  of 
)v8k  157  have  already  been  discovered.  Sixteen  of  these  are 
1  the  distance  of  six  or  sdven  versts  as  measured  across  their 
These,  with  the  exception  of  three,  which  run  east  and 
preserve  a  north  and  south  course  parallel  with  the  adjacent 

• 

right  angles  to  these  bands  of  beresite,  and  also  to  the  talcose 
3,  there  are  numbers  of  quartz  veins,  and  it  is  in  these  latter 
;he  gold  is  found.     These  veins  are  generally  from  three  to 

inches  in  thickness,  but  in  places  they  have  reached  a  thick- 
f  more  than  three  feet  Like  the  beresite  veins  they  traverse, 
3ften  thin  out  in  going  downwards.  Their  strike,  which  is 
illy  east  and  west,  is  apt  to  vary,  and  two  or  more  of  them 
ntersect  to  form  a  pocket.  Sometimes  several  small  veins, 
.  at  the  suiface  appear  as  mere  streaks,  are  found,  as  they 
id,  to  unite  together  to  form  a  solid  course.  Some  of  these  veins 
>een  traced  to  depths  of  nearly  500  feet  In  looking  at  a  plan 
portion  of  the  workings,  I  counted  thirty-seven  quartz  veins  all 
Qg  a  strip  of  beresite  not  more  than  eighteen  Russian  fathoms 
feet)  in  length,  and  in  another  plan  I  saw  seventeen  veins 
Qg  a  vein  of  similar  length.  In  such  places  as  these  the 
s  veins  are  of  course  very  near  to  each  other,  but  there  are 

where   they  are  as  much  as  40  fathoms  (280  feet)  apart. 

veins  are  either  vertical  or  else  dip  steeply  towards  the  north, 
are  often  strongly  coloured  with  oxide  of  iron.  In  places  they 
n  a  little  galena,  and  occasionally  a  few  specks  of  copper 
8.  It  has  been  observed  that  the  lodes  are  rich  at  those  places 
I  they  cross  each  other,  where  they  are  much  stained  with 
of  iron,  or  contain  the  above  minerals,  and  when  they  do  not 
a  altogether  in  the  beresite,  but  cut  through  into  the  rock 
;her  side.  On  the  other  hand,  where  the  veins  or  lodes  are 
ed  to  the  beresite,  when  they  are  flat,  that  is,  do  not  dip 
b  vertically,  and  as  a  rule  as  they  descend  in  depth,  they 
mally  observed  to  yield  but  little  gold.    \3^  \.o  \Xi<^  ^^d^  ^1 
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vi-il  tli.>-  liiiii.f;  liavp  vieMod  a  little  thotb  than  609  ponai 
'.i:J!|!is.i  ..f  iriilrlfrnm  the  Btaniping  of  47,639,874  pooda  of  ore. 
i  iiivi'u  iiTi  fiverfiLTo  of  4H  zol  (zi)l=:i^a.)  of  gold  for  100  pouflj 
re  (1  pniii!  =  .i''illis.).  Some  of  (lie  veins  have  yielded  as  mncli 
II  oiiTico  to  flie  Ion,  and  BOine  of  the  allm-inm  12oz.  fo  IJ  ton*. 
■Jii  wvcm^  analysis,  out  of  9r.  purls  of  gold,  about  90  wiU  be 
'  j;oM,  whilst  tlio  remaining  six  ports  ivill  be  silver,  copper, 

)]!■  only  e:5cnr,siiin  -wiiich  I  mflde  in  the  neighbonrhood  rf 
ti'i-inlrarj;  hcBiilfs  that  to  EereTOvsk  was  to  Nijni  Tagil,  one 
111'  ^Tfit  (v-'Titrc-  nf  the  Ural  raining  operations.     TLia  lies  about 

^  I  -'-  III  .1  ii  ii(li'Wef;t  direction  from  Ekatwrinborg,  Kol- 
i-i  r  '■■n      ",.    v   ■  ■Iniosa    (if   the   roads,  the   snow,   rain,   froal, 

_■  !!■  '  ■  i'-  ■  .,r  tin'  journey, — which  was  of  necessity  per- 
il.I  ■■  I"  f  .I"  hi..',  ■   ilj:it  is,  in  post  carriages  or  carts,  from  which 

w.'A  \imy  liig:;iiL;'(i  change  at  every  station, — I  never  regret  the 
nliitiiiig.  on  a(?oiiunt  of  tjio  great  interest  and  information  ! 
v<"\.  On  11  f,TL'nlor  part  of  fho  road,  away  upon  our  left,  we 
il  soe  the  low.  lilnck-looking  hills  of  the  Drals,  which  in  plaow 
'  in  p!''aks  and  liiimraockB.  The  ontlines  were  smoDtfa,  and  then 
nolliiu^'  verv  6liikinfx  in  the  scenery.  About  half  ■wav  vt 
.o.\  II  snml!  .■,'oid-iiiine  iii"m  the  left  side  of  the  road,  where" they 
r-  wiiiiliii';  niirilorniis  j,mivi"'l  fmm  a  pit.      In  some  places,  insteavi 

iiildii^'  -hufts  In  111,.,  jiiiviririius  bed,  it  has  been  thought  just 
'r..hiiniii;il  iiTu!  inoro  p^iii-lkctnry,  to  remove  the  whole  of  t!ie 
"ii-uiiiiiiilii'iit  Mriil-'i.  Tlii-  wiis  carried  out  to  n  great  extent  iit 
iu".    wliirh    lii's   about    =oveiitv   versfs   north   from 
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noticeable  in  the  mines  where  new  explorations  have  led  to  the 
modification  and  alteration  of  many  preconceived  ideas. 

The  great  feature  in  Tagil  is  its  iron  works.  The  largest 
of  these,  which  are  named  after  the  family  by  whom  they  are 
possessed,  are  the  Demidoff.  At  these  works  2500  men  and 
360  horses  euro  employed.  Many  of  the  shops  and  foimdries  are 
lighted  by  gas,  which  is  made  from  wood, — 200  cubic  feet  of  wood 
giving  about  800  cubic  feet  of  gas.  The  roots  of  pine  and  the  rind 
of  birch  furnish  the  largest  quantity  of  gas.  The  light  from  this 
gas  is  poor  as  compared  with  that  made  from  coal,i  tbe  former 
being  equivalent  to  about  ten  candles,  whilst  the  latter  is  equal  to 
about  fourteen.  It  is  however,  cheap,  one  jet  costing  half  a  kopec 
(one-sixth  of  a  penny)  per  hour. 

Whilst  walking  over  the  works,  I  saw  several  tilings  in  various 
stages  of  completion,  which,  if  I  speak  of  them  as  they  were  described 
to  me,  will  sound  quite  transatlantic.  First,  there  was  a  turbine 
being  cast  with  a  wheel  24  feet  in  diameter.  Then  tbere  was  a  new 
iron  furnace  being  built;  this  was  elliptical  in  form,  56  feet  in 
height,  and  was  intended  to  have  a  capacity  of  some  8500  cubic 
feet.  To  keep  this  going  a  blowing  engine  was  almost  complete, 
the  blast  cylinders  of  which  were  seven  feet  in  diameter.  This 
turbine,  the  blast  furnace,  and  the  blowing  engine,  I  was  assured, 
were  the  largest  in  the  world.  As  regards  the  tm*bine,  this  off-hand 
statement  may  perhaps  be  true,  but  larger  examples  of  blast  furnaces 
and  blowing  engines  may  be  seen  at  home,  as  at  Middlesborough. 

The  sand  which  is  used  for  casting  is  derived  from  a  weathered 
greenstone ;  but  as  this  is  somewhat  calcareous,  it  is  not  so  good  as 
might  be  wished.  Every  year  the  manufactured  steel,  iron  plates, 
bars  and  other  materials  are  transported  in  waggons  over  the  Urals 
to  the  River  Chesovoi,*  where  they  are  placed  in  boats,  each  cairying 
aboat  400,000  lbs.  About  150  boats  are  used  annually.  From 
the  iron  works  I  walked  over  to  the  Copper  Hiitte.  From  the 
commencement  of  the  mine  here  in  1814,  up  to  the  year  1874, 
162,671,193  pouds  (1  poud  =  36  lbs.)  of  ore,  which  yielded 
6,001,016  pouds  of  copper,  have  been  extracted.  The  yield  of 
copper  from  the  extracted  ore  has  been  therefore  about  three  per 
cent.  Close  by  these  works  there  is  a  museum,  where  specimens 
of  the  raw  and  manufactured  materials  which  are  produced  in  Tagil 
can  be  seen.  An  interesting  object  in  this  museum  was  a  large 
natural  magnet,  which  supported  about  10  pouds  (400  lbs.). 

Before  describiug  what  I  saw  of  the  mines,  I  will  give  the 
following  as  a  short  general  geological  description  of  the  country 
around  Tagil,  in  which  these  mines  are  situated.  The  information 
enabling  me  to  do  this  I  derived  from  a  local  topographical  map, 
coupled  with  what  I  saw  and  what  was  kindly  told  me  by  a  resident 
mining  engineer. 

All  the  country  around  Tagil,  as  I  have  before  said,  is  very  hilly. 
The  highest  of  these  hills  look  down  upon  the  town  from  the  west. 

^  Spelt  Tehuiovapa  in  £eith  Jobnftton'B  A.\\&a. 
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The  iron  mines  of  Tagil  lie  in  n  Hmall  bill  npon  the  noTth  n 
of  tbe  tdwn.  This  hill  appears  to  form  a  portion  of  a  more  or 
less  metalliferous  band,  running  north  aud  Boufh  paralbjl  witli  ih* 
Urals.  Tills  band  constats  mainly  iif  felsmtUio  ruoks.  On  tL* 
ent-E  it  is  boimded  by  rooks  siroilnr  to  tbose  of  which  it  is  (»iiipi«Ml, 
and  on  the  west  by  a  white  bigiily  crystalline  slightly  magneuin 
limestone.  Throughout  this  band  there  are  iecilated  patchet  sf 
limestone  slttte  nnd  magnetio  iron-ore.  The  small  Viill  which  I 
have  mentioned  is  a  mass  of  this  ore,  and  in  it  are  situMeJ  tli* 
mines  or  rather  quaifiee  of  iron. 

The  form  of  tbis  bill  la  somewbat  ellipsoidal.  It«  height  is  aboot 
280  feet,  and  its  length  about  two  miles.  The  ore  is  in  many  placw 
ouloured  green,  witb  stains  of  copper. 

Penetrating  through  this  huge  mass  of  ore  are  small  bands  or 
strips  of  felsite,  which  run  north  and  south ;  but,  witb  these  esoap- 
tions,  tbe  remainder  is  pure  magnetite.  An  east  and  west  see ' 
at  right  angles  to  tbe  length  of  tliis  moss  of  i>re.  would  t 
t(i  indicate  that  it  probably  thins  out  as  you  deeceml  in  depth. 
Tbe  hill  is  divided  into  five  properties,  eaulk  of  which  is  woAcd 
in  large  open  quarries.  The  face  of  one  of  these  qnorries  vpon 
ihe  S.W.  side  of  the  hill  is  about  ISO  feet  in  height,  iind  b 
worked  in  a  series  of  boriznnt'il  benches  or  stops.  ^Vl1il^^t  w.ilking 
about  these  quarries.  I  wns  much  struck  with  tbe  appeamocc  vl 
m.iny  large  slickensides.  Tbe  seriitcbes  on  some  of  these  were  half 
an  inch  broad,  and  long  and  regular,  covering  patches  two  yards 
square  ;  in  many  cases  not  at  all  unlike  the  effects  of  glaciation. 

Some  of  these  surfaces  gave  evidence  of  movements  having  taken 
tilace  at  different  neriods.     Tbe  metalliferous  band  in  which  ibis 
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Part  IV.— The  Middle  UraU. 

CoxTSifTS. — ^Nijni  Tagil  to  Ekaterinburg. — Appearance  of  the  Urals;  their  age; 
their  geological  stnictnre. — The  Coal-measures  of  the  Urals  and  of  Hobcow. — 
Explanation  of  the  intercalation  of  bods  of  limestone. — The  land  of  the  Carboni- 
ferous period  in  Russia  lay  to  the  "West. — Coal-fields  of  Siberia. — Peculiarities  in 
the  distribution  of  the  Fauna  and  Flora  of  the  Urals ;  their  geological  bearing. 

IT  was  the  18th  of  September  when  I  left  Tagil  and  returned  to  Ekat- 
erinburg. The  drive  back  along  the  flanks  of  the  Urals  was  even 
more  disagreeable  than  it  had  been  when  coming,  and  much  of  the  in- 
terest was  lost  by  repetition.  The  ponds  were  frozen,  snow  fell,  and 
the  roads  were,  without  any  exaggeration,  like  ploughed  fields  which 
had  been  frozen,  jolting  over  which  both  night  and  day  in  an  open 
springless  carriage  by  no  means  enhanced  our  pleasures.  Before  I 
leave  these  mountains,  I  will  here  give  a  general  statement  of  my  few 
and  imperfect  observations  as  taken  from  my  "  omnium  gatherum  " 
of  fragmentary  notes.  Some  idea  of  this  line  of  hills — which  form 
more  or  less  a  barrier  between  the  two  great  continents — may  have 
perhaps  been  gleaned  from  what  I  have  said  concerning  my  journey 
across  them  when  first  I  entered  Ekaterinburg,  and  also  when 
referring  to  my  journey  along  their  eastern  slopes  towards 
Tagil.  They  would  appear  to  be  a  low  undulating  line  of  hills 
covered  almost  to  their  summits  with  vegetation,  rather  than  that 
black  formidable-looking  Alpine  range  which  they  might  be  taken 
for  if  we  were  only  to  inspect  a  map  of  Russia  or  Europe.  But 
as  the  point  about  which  I  speak  is  the  place  where  the  road 
between  Perm  and  Ekaterinburg — the  highway  between  Bussia 
and  Siberia — crosses  into  Asia,  we  might,  notwitlistanding  the 
blackness  of  the  maps,  anticipate  the  truth,  and  conclude  that, 
if  the  Urals  at  any  point  approximate  to  gentleness  in  their 
contour,  it  would  be  most  probably  there  where  the  great 
Queen  Catherine  built  her  Siberian  gateway,  the  town  of  Ekaterin- 
burg. Further  to  the  north,  however,  the  hills,  although  not  pos- 
sessing any  striking  grandeur,  are  much  rougher  and  higher;  but 
nowhere  along  their  whole  meridional  length  of  1250  miles  do  they 
anywhere  appear  as  physical  features  of  great  importance.  Their 
highest  point  is  only  about  GOOO  feet.^  In  fact,  as  a  long  range  of 
mountains,  occupying  such  an  important  position  in  the  divisions  of 
the  world,  they  are  rather  remarkable  for  their  want  of  elevation  and 
boldness  of  outline.  However,  they  are  extremely  old.  The  Alps, 
the  Pyrenees,  the  Apennines,  and  the  Himalayas,  appear  to  have  been 
wrinkled  up  in  Tertiary  times ;  but  the  Urals  were  raised  before  even 
the  strata  of  these  great  mountains  had  been  deposited.  The  period 
at  which  they  were  formed  is  usually  assigned  to  the  close  of  the 
Palseozoic  age,  before  the  deposition  of  the  Permian ;  but  from  what 
1  saw  and  gathered  I  should  be  inclined  to  think  that  there  is  a  great 
probability  of  their  being  somewhat  younger,  perhaps  post-  rather 
than  pre-Permian.  This,  however,  would  not  materially  alter  the 
length  of  time  their  heads  have  been  lifted  up  against  the  weathering 
influences  of  time.     From  the  deposition  of  the  Trias  down  to  the 

I  **  The  northern  Ural  \b  more  considerable,  jagged  mountain  peaks  rifling  to  the 
height  of  from  6000  to  7000  feet  above  the  sea.**— Ansted'ft  Ph^<»iQ«o^B^'^^<i\.VL. 
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(lepofiilion  of  tlie  alluvium,  which  coverB  arenB  of  vast  exteDt  upts 
the  Siberinn  plaius,  aod  up  to  the  present,  they  must  li&ve  ««m 
many  changes  and  suffered  much  degradation,  all  of  wtiioh  h» 
tended  to  reduce  their  original  height  and  bring  them  to  their  prawil 
form.  There  is  only  one  (>tber  range  of  any  imjKirtanoe  which  liu 
had  time  to  eee  aud  suffer  more,  and  that  ia  the  Iba  of  hills  in 
Scandinavia  which  date  back  to  Silurian  and  Laurenlian  times.  Al 
times  the  Urals  must  bave  stood  up  like  a  range  of  islands,  dunif 
which  period  sedinienls  were  deposited  like  those  we  cow  see  upeo 
Iheir  flanks.  From  the  beds  of  alhivium  whifh  1  saw  in  and  neai 
Tagil,  lying  in  thick  patches  high  up  upon  their  sides,  tbey  moat  tf 
no  very  remote  jjeriod  have  been  illroost  totally,  if  not  quite,  sab- 
merged,  the  surrounding  waters  being  probably  fresh,  an^  ]M;riia|)i 
the  same  as  those  from  which  the  Siberian  drift  was  <lepc«iCcd 
In  Triossic  times  the  waters  wore  probably  salt. 

But  before  saying  anything  more  about  these  inouutainB.  I  will  give 
A  general  geological  sketch  of  their  structure,  as  compiled  from  infftt- 
mation  I  derived  in  Ekaterinburg  and  Tagil,  which  of  coniae  relat« 
especially  to  their  appearances  in  the  vicinity  of  these  two  locatiticsL 
If  we  made  an  ideal  section  across  the  middle  portion  of  this  ram 
of  mountains,  we  should  see  that  their  nucleus  is  gianitic.  Hk 
does  not  appear  at  all  points  to  occupy  the  highest  position  as  » 
Kaddle  to  the  range,  as  for  example  near  Kijni  Tagil,  where,  from  a 
cursory  examination,  a  Silurian  limestone  seems  to  forui  the  highest 
ground.  Moreover,  these  oentml  granitic  rocks  do  not  occur  as  a 
single  boss,  but  rather  appear  to  protrude  at  several  points.  Thiw 
near  Ekaterinburg,  upon  (he  eastern  side  of  the  mountains,  there  ara 
three  nrotmsions  of  srranitic  and  nomhvritio  rocka.     Ititrht.  an<7  left 
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onably  infer  that,  sinoe  the  time  of  tlie  aocumalation  of  these 
ta,  little  or  no  disturbance  has  taken  place,  and  that  the  eleva- 
of  these  mountains,  as  before  stated,  was  at  least  antecedent 
le  deposition  of  the  Trias. 

the  Permian  strata  are  also  undisturbed,  which  I  doubt,  it 
Id  make  the  date  of  elevation  of  these  mountains  somewhat 
ier  (see  Bamsay  on  ''The  Geological  History  of  some  of  the 
ntain  Chains  and  Groups  of  Europe,"  Mining  Journal,  January 
I,  1876). 

arboniferous  Formation. — Of  all  the  formations  which  help  to 
d  our  Continents,  the  one  perhaps  most  sought  for  is  that  which 
is  us  Coal.  These  formations  in  Bussia,  as  in  Britain,  show 
>renoe8  in  stratigraphical  character,  and  also  in  some  other  points, 
n  examined  over  district  which  are  distant  from  each  other, 
refore,  for  purposes  of  comparison,  before  I  commence  with  the 
x)niferous  strata  which  flank  the  Urals,  1  will  state  the  general 
litions  under  which  coal  exists  farther  to  the  west,  near  Moscow, 
imencing  with  the  upper  beds,  we  get  three  great  zones,  the 
3St  of  which  contains  Uie  coal,  and  overlies  the  Devonian.  The 
of  these  zones  is  a  limestone  holding  Fusviina  cylindriea,  the 
nd  is  a  limestone  with  Productus  gigas  as  its  characteristic  fossil, 
the  third,  which  I  have  said  holds  the  coal,  consists  mainly  of 
-slate,  with  Stigmaria  ficotdes.  Comparing  this  general  arrange- 
t  with  one  that  may  be  observed  upon  the  western  or  Bussian 
of  the  Urals,  we  find  that  the  three  zones  of  the  Moscow  district 
now  I'epresented  by  five  zones,  which  also  overlie  the  Devonian, 
upper  one  of  these,  which  was  called  by  Murchison  Millstone- 
,  on  account  of  its  lithological  and  stratigraphical  resemblance  to 
iar  rocks  in  Britain,  forms,  I  believe,  the  Etage  d'Artinsk  of  M. 
pensky.  It  contains  three  bands  of  limestone,  which  in  one 
ction  thin  out  Beneath  this  upper  zone  is  a  Fustdina  cylindriea 
)stone,  and,  still  lower,  a  sandstone  and  clay-slate  rock  carrying 
.  These  last  two  zones,  inasmuch  as  they  overlie  a  limestone 
aining  Productus  gigas,  may  be  looked  upon  as  being  the  equiva- 
of  the  JWuZtna-limestone  of  Moscow,  both  of  them  occupying 
ewhat  similar  positions.  Beneath  this  last  limestone,  which  in 
West  Ural  series  will  form  zone  number  4,  come  more  sstndstones 
coal,  which  overlie  the  Devonian.  Judging  from  a  series  of  rock 
imens  which  1  saw  taken  from  zone  number  1,  they  appeared 
represent  a  quartziferous  sandstone  much  finer-grained  than 
generality  of  rocks  from  our  Millstone-grit.  The  limestone 
is,  which  are  intercalated  in  this  zone,  may  probably  be  con- 
ed together,  and  also  with  the  l^u/ina-limestone  below,  their 
tion  being  an  intercalated  overlap  indicating  that  some  physical 
ige,  such  as  oscillation,  had  taken  place  during  their  deposition, 
accompanying  figure  will  illustrate  my  meaning,  and  perhaps 
^est  an  explanation  for  similar  occurrences  which  have  been 
jrved  in  other  parts  of  the  world.  At  the  end  of  the  section, 
ked  W,  we  get  a  series  of  limestones  which  may  oorre^nd  to 
j^u/tna-limestones  near  Moscow.     At  the  opposite  eua  ofl  ^^ 
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■ectifHi,  marked  E,  we  find  »  Mriei,  the  upper  thrae  puts  of  wbkk 
ue  reapeotivel;  undstone,  AMliiM-limeetoiie,  and  Mndstone,  tai 
ooireapoud  to  &&  West  Ural  sedioa.  An  appeuanoe  of  thii  lort 
might  be  explained  b;  assnming  that  the  limestone  was  depoaited 
in  deeper  water  than  the  sandetone.  After  the  limestone  had  been 
deposited  up  to  the  point  1  in  deep  water,  by  oscillation  the  aea 
became  shaUower  towards  the  east  or  E,  and  the  limestone  then  be- 
came ooTered  as  for  as  the  point  1  with  depodls  from  shallow  watsr. 
Next  we  may  imagine  the  water  to  have  deepened,  and  the  lime- 
stone, so  to  speak,  enoroached  npon  theae  deposits  which  were  being 
laid  down  in  shallower  water.  In  this  way  it  was  enabled  gtadnallj 
to  overlap  the  sandstone  as  far  as  the  point  2,  when  another  oscill^ 
tion  in  the  opposite  direction  set  in,  and  the  a^ncies  prodocing  tha 
limestone  had  to  retreat  towards  deeper  wat^  before  the  advancing 
heavy  gritty  material  of  the  shore-line.  At  the  point  3  the  limestone 
is  indicated  aa  again  advancing  towards  4,  which  would  euppose  stili 
further  oscillation.  If  the  IntercalatioDs  of  limeBtone  amongst  sand- 
stone in  the  Ural  mountains  be  of  the  nature  I  have  here  suggested 
and  described,  it  is  possible  th»t  they  were  produced  in  the  manna 
indicated. 

One  great  distinction  between  the  sections  of  the  Coal-lields  npon 
the  Western  Uml  and  those  to  the  south  of  Moscow,  is  that  tba 
former  contain  many  largo  beds  of  sandstone  which  are  absent  from 
the  latter.  Just  as  wo  are  able  to  infer  from  somewhat  analc^oi 
changes  which  are  observed  when  travelling  northwards  over  the 
Coal-measures  of  Gi-ent  Britain,  that  much  of  our  early  Carboniferoui 
land  lay  somewhere  towards  the  north,  so  may  we  infer  that  moch 
of  the  Carboniferous  iand  of  Russia  lay  somewhere  towards  the  east 
rather  than  to  the  wesl. 

Upon  the  eastern  or  Siberian  side  of  the  Urals  the  sections  of  th« 
Coal-measures  present  still  greater  differences  as  compared  with  the 
Moscow  series.  So  far  as  explorations  have  yet  been  carried,  all  the 
upper  stages  which  we  have  mentioned  in  the  other  sectioas  are 
apparently  wanting,  and  we  commence  with  the  Prodiu-fus-limestone. 
Beneath  this  comes  sandstone  and  conglomerate,  amongst  which 
small  quantities  of  coal  are  found.  Still  lower  there  is  a  second  lime- 
stone, also  containing  ProductuM  gigaa,  which  overlies  sandstones  and 
^^pn^^omerates,  amongst  which  true  beds  of  coal  with  underclays  occur. 
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After  this  a  third  Produtf^tw-liinestone  is  found,  which  rests  uncon- 
formably  upon  the  underlying  Devonian.  The  repetition  of  this 
Procftic^tw-limestone  may  perhaps  be  explained  in  a  manner  similar 
to  that  which  I  have  suggested  as  an  explanation  for  the  intercala- 
tions of  the  i'^Mttltna-limestones  on  the  western  side  of  the  Urals. 

The  general  relations  of  these  thi'ee  coal-fields  are  shown  in  the 
following  table : 


SorxH  OP  Moscow. 

West  of  XJilals. 

Eaat  op  Urals. 

I. 

1.  limestone  with  JWtf- 
Una  eylindriea. 

1.  Millstone-grit. 

2.  limestone    with    F, 

eglmdriea. 

3.  Sandstone,  slate^  and 

C0AT«. 

II. 

• 

2.  limestone  with  Fro^ 
ductui  gigat. 

4.  Limestone  with  iVo- 
duetuB  gigas. 

1.  limestone    with   F. 

gigas. 

2.  Sandstone,  Coal  and 

conglomerate. 

3.  limestone    with    F. 

gigat. 

4.  Sandstone,conglome- 

rate  and  Coal. 

5.  limestone    with    P. 

gigai. 

111. 

3.  Clay-slate  with  i$%. 
maria  ficoidt  and 
Coal. 

6,  Sandstone  and  Coal. 

DcTonian. 

Devonian. 

Devonian. 

As  the  materials  which  form  this  table,  and  the  description  I 
have  given,  were  collected  from  verbal  information  and  the  little 
that  I  saw,  they  must  only  be  taken  as  giving  a  general  outline  of 
the  chief  geological  features  of  this  district,  which  will  shortly  be 
published  in  St  Petersburg  with  detail  and  accuracy. 

Up  to  the  present  time  little  or  nothing  has  been  known  about  the 
existence  of  coal  upon  the  eastern  side  of  the  Urals.  At  many 
places  it  has,  however,  been  discovered,  as  at  Geogorshina,  Irbit- 
skeeya,  Vershene,  etc.  The  general  dip  at  these  places  is  S.W. 
towards  the  Urals.  In  the  northern  parts  it  is  more  anthracitic 
than  in  the  south,  but  this  seems  to  be  connected  with  the  fact  that 
there  it  is  more  bent  and  contorted,  owing  to  its  approaching  more 
closely  to  the  crystalline  rocks.  Some  specimens  from  the  above- 
mentioned  localities  had  this  character,  and  they  were  also  very 
friable.  Their  friability  resulted  from  the  numerous  small  joints  by 
which  they  were  traversed.  Some  of  these  joints  were  stained  with 
iron,  others  held  a  small  quantity  of  loose  carbonaceous  dust,  whilst 
a  few  contained  a  white  talcose  mineral.  The  thickest  scam  yot 
found  on  this  eastern  side  of  the  Urals  is  between  six  and  seven  feet, 
but  this  is  divided  by  some  clay  partings.  The  thickest  seam  in 
Bassia  is,  I  believe,  in  the  Solekamsk  district  on  t\i^  Ban^x  \iv\\c\as 


404 


Frof.  JUilne—Aerou  Europe  and  Amu 


about  850  versts  N.W.  from  Ekaterinbiiig»  whiah  is  ve^ortBd  ai 
being  forty-two  feet  in  thioknefis.  It  is  mMribad  as  bemg  Utu- 
minous  and  containing  many  earthy  partinga. 

These  coal-fidds  on  the  eastern  flanka  of  the  Urals  am  by  oo 
means  the  only  ooal-fields  which  have  been  diaooverod  m  SSbmt 
Farther  east,  in  the  neighbourhood  of  Tomak,  antiiraaite  has  been 
found,  whilst  more  towuds  the  south,  in  the  Kixg^  BUippm,  ao 
less  than  sixteen  seams  have  been  found  at  the  Bnanda  Mines. 

These  were  described  by  Mr.  Wardroper,  an  TSngliiih  rmUlmf  it 
Tumen.  They  occur  in  a  hilly  country,  traveraing  both  hill  and 
dale  over  a  lazge  area,  as  shown  in  the  accompanying  aiketoh,  whsn 


spec 


three  seams  are  shown  in  section,  two  of  which  are  aeen  crop|ang 
out  upon  the  slope  of  the  distant  hills. 

Beneath  some  of  the  seams  there  is  an  undeiolayy  and  above 
them  bands  of  ironstone.    One  of  the  seams  ia  abont  6  ft  lOin. 

thick,  and  dips  about  three  inches  to  the  foot.  The  asaodated 
rock  is  a  soft  sandstone,  of  which  I  saw  several  specimens.  The 
cbamcter  of  the  coal  is  not  unlike  some  of  the  Scotch  splint  ooal. 
Tlio  smaller  seams  are  generally  better  than  the  larger  ones,  being 
freer  from  impurities.  Still  farther  east,  in  the  neighbourhood  of 
Irkutsk,  on  towards  the  Amoor  and  on  the  Amoor  Itself,  considerable 
quantities  of  ooal  have  been  found.  The  characters  of  these  seams 
are  tlioso  of  better  class  lignites,  and  their  age  is  apparently  Jurassic 

Whilst  in  Ekaterinburg,  my  attention  was  daily  attracted  by 
bdtteau  firing  in  the  neighbouring  woods;  going  in  that  direction, 
I  found  that  it  arose  from  the  guns  of  squirrel-hunters.  Squirrels, 
like  other  animals,  wander  in  search  of  food,  and  they  were  then 
in  iiuuibers  round  Ekaterinburg,  though  not  seen  at  other  seasons. 

Comparing  the  Fauna  on  the  two  sides  of  the  Urals,  there  does  not 
appear  to  be  any  striking  diffei'cnce,  except  in  the  case  of  one 
small  mammal,  the  common  house  or  brown  Kat,  which  is  at  present, 
1  believe,  only  to  be  found  upon  the  western  side  of  these  mountains, 
— that  is,  in  their  central  and  northern  parts.  The  head-quarters  of 
this  rat  appear  to  be  at  Astrachan,  where  it  exists  in  such  numben 
as  to  j^ive  rise  to  stories,  which,  if  repeated,  woidd  be  thought  in- 
credible. It  extends  all  over  Europe,  and  up  the  Volga  and  its 
tributaries,  to  the  very  foot  of  the  Urals,  and  here  it  appears  to  stop. 
So  far  as  boats  and  railways  have  gone,  the  rat  has  gone  also.  It 
was  conveyed  by  ship  from  Scandinavia  to  England,  where  it  has 
almost  exterminated  its  black  congener  (Mus  rattus)^  the  aboriginal 
species.  In  a  similar  manner  it  reached  California,  and  probably 
China,  Japan,  and  Amoorland.     Wherever  it  has  landed,  it 
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has  thriven  rapidly,  and  oflen,  whikt  securing  its  footing,  it  has 
xooted  out  some  pre-existing  species. 

At  present  a  line  of  rail  is  being  built  across  the  Urals  from  Perm 
to  Ekaterinburg,  and  for  this  the  rats  are  waiting.  Strange  as  it 
may  seem  that  rats  should  wait  for  trains,  no  sooner  is  one  ready 
for  them  than  it  seems  certain  that  they  will  commence  their  march 
eastwards  into  Siberia. 

Here  we  have  a  modem  example  of  a  new  species  appearing 
suddenly  in  an  area,  analogous  to  those  sudden  appearances  met  with 
in  pal83ontological  records.  In  such  records  we  may,  however, 
notice  that  these  new  appearances  are  sometimes  coincident  with,  or 
else  rapidly  succeed,  the  dying  out  of  some  form  which  seems 
never  to  return.  A  recent  example  of  this  sort  we  may  draw  from 
the  same  districts  we  are  now  considering. 

This  example  is  the  Beaver,  which,  if  not  quite  extinct,  is  cer- 
tainly an  almost  unknown  animal.  At  one  time  it  inhabited  the 
whole  of  Europe  and  Western  Asia,  but  now  it  is  doubtful  if  many 
survive,  excepting  in  a  few  districts  where  they  have  received  pro- 
tection. In  Bavaria,  where  they  appear  to  have  become  extinct  so 
late  as  1860,  there  are  no  less  than  sixty  places,  like  Biberach, 
Biberfeld,  etc.,  all  testifying  to  their  former  abundance.  Beading 
Murray's  ''Distribution  of  Mammals,"  one  might  expect  to  find 
them  yet  existing  in  considerable  numbers  in  the  streams  of  the 
Ural  Mountains ;  but  from  all  that  I  could  learn,  I  think  that  this  is 
not  the  case.  In  times  gone  by  it  used  to  be  found  upon  the  River 
Boroslovsky,  but  even  there  they  have  been  exterminated.  In  1859 
two  beavers  were  seen  on  the  River  Eakoia.  In  1873  one,  probably 
a  descendant  of  this  last-mentioned  pair,  is  said  to  have  been  seen, 
and  this  is,  I  believe,  the  last  record  of  beavers  in  the  Urals.  Further 
to  the  north,  however,  there  are  many  rivers  to  be  explored,  where 
there  is  a  possibility  of  still  finding  the  creature ;  but  of  its  actual 
existence  I  could  not  gather  any  information. 

Lookii^  all  over  the  Asiatic  Continent,  although  it  was  often 
stated  to  me  that  the  Beaver  was  to  be  found  in  such  localities  as 
Yakutsk  and  Irkutsk,  as  I  approached  these  places  the  animal 
appeared  to  be  as  far  off  as  ever.  The  Yakutsk  merchants  obtain 
the  skins  they  sell  from  the  Tchucktians,  who  in  turn  obtain  them 
from  the  neighbourhood  of  the  Anadyr  River,  and  perhaps  also  from 
the  western  part  of  North  America. 

The  hare  (Lepus  timidus)  is  an  animal  which  is  rarely  seen  on  the 
eastern  side  of  the  Urals,  whilst  upon  the  west,  especially  in  Central 
Russia,  it  is  very  common.  In  the  case  of  some  species,  as  the 
Reindeer  (C  tarandm)  and  Moose  (C.  dices),  the  Urals  form  an  elevated 
pathway  by  which  inhabitants  of  the  north  are  enabled  to  descen«l 
towards  the  south  without  suffering  greatly  from  any  change  of 
climate. 

Besides  the  above  two  species  of  deer,  C.  capreolus  is  also  a 
common  inhabitant  of  the  Urals.  In  the  Middle  Urals  the  Bear 
(Ursus  arctos)  is  to  be  met  with  in  considerable  numbers,  indications 
of  its  abundance  being  found  in  the  seal  of  the  Gh>vemment  of  Penxk^ 
the  e&gy  on  which  is  a  bear. 
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Although  many  fish  are  oommon  to  the  two  aides  of  die  UniU 
there  ia  a  greater  differenoe  between  thoae  on  the  east  snd  tlion  oa 
the  weat  than  that  which  appears  to  exist  between  the  Ifammilia 
Considering  the  diffioulties  that  fish  have  in  oroaaing^  a  bairier  of 
land,  this  might  natorally  be  expected.  As  ezamplea  we  hats 
a  species  of  Carp,  AJbumw  lueidu$f  only  on  the  west  nde^  and  tha 
Gviniad,  Coregonus  leuciclUys,  one  of  the  SalmonidcBp  only  on  the  ant 

Upon  the  eastern  nde  of  the  Urals  we  have  a  aingolar  exampla  of 
the  spread  of  a  species  in  a  district  it  was  brought  to  ooloniaa.  Hit 
is  the  Crawfish.  Up  to  the  year  1848  or  1844  it  only  lived  on  ths 
western  side  of  the  mountains,  bat  about  that  time  it  was  oaniedovei; 
and  now  the  eastern  rivers  of  the  Middle  Urals  are  alive  with  CrawfiriL 

During  the  few  weeks'  ramble  I  had  amongst  the  UralB»  the  aessoa 
was  too  far  advanced  for  the  collecting  of  manv  plants.  Howevor, 
to  the  great  surprise  of  a  resident  botanist,  lur.  Onaitaie  d^  I 
obtained  a  few,  one  or  two  of  which  proved  to  be  of  rare  ocoorreDce. 

Mr.  Cipro's  observations  tend  to  show  that  the  planta  in  thsir 
geographical  distribution  about  the  Urals  exhibit  similar  peonliaritiet 
to  those  I  have  noticed  aa  occurring  amongst  the  animala.  Thus  we 
have  plants  peculiar  to  the  western  side  of  these  moontaina,  as 
Asarum  europaum  and  Ajuga  reptam,  and  I  may  also  add,  I  tldnk. 
Primula  lordla  and  an  Auricula.  Then  there  are  plants  which  are 
seldom  seen  upon  the  western  side,  but  are  common  in  Ruaaia,  as 
Veronica  offidnalis^  Btititas  onentoHs,  and  Trag&pogon  ortsntoltf. 
Certain  plants,  as  might  naturally  be  expected,  are  only  to  be  found 
upon  the  high  mountains  of  the  North  Urals;  for  example,  Saltx  reii- 
culatat  S.  herhacea,  S.rotundtfolia,  Dryaa  ociapetala,  Saxi/raga  punctata, 
Pijrethrum  hipinnatum,  and  Aaplenium  crenatum.  Then,  again,  there 
are  plants  which  have  only  been  found  in  the  Alps  and  near  St 
Petersburg,  in  addition  to  the  Urals,  as,  for  example,  Hieracium 
prenanthoides.  Again,  certain  plants  which  are  found  in  the  Urals 
stretch  eastward  into  Siberia,  such  as  Caltha  natana,  Actcea  spietata, 
A,  oxycarpat  -4.  leucocarpa,  and  Aconitum  volubile.  Other  plants  have 
an  excessive  range  in  this  direction  ;  thus  Bvbus  httmilifolius  extends 
to  the  Amoor,  as  also  does  Banuncutua  Purschii. 

Thus  we  see  that  the  Urals,  although  not  forming  a  formidable 
barrier  in  the  physical  conjuration  of  the  globe,  still  play  the  part 
of  one  in  preventing  an  imlimited  mixture  of  species,  which  is  alike 
evident  both  amongst  the  animals  and  vegetables, — a  fact  which,  when 
regarded  c;eologically,  is  of  considerable  significance,  more  especially 
when  we  reflect  upon  their  great  antiquity. 

[To  b4  continued  in  our  next  Nunibn), 

III. — ^The  Noktuampton  Ironstone  Beds  in  Lincolnshibe. 

By  Captain  Macdakin. 

THE  Ironstone  Beds  of  Oolitic  age  in  Lincolnshire  have,  during 
the  last  four  years,  yielded  not  only  large  quantities  of  brown 
haematite  iron-ore,  but  some  very  interesting  sections  and  borings, 
comprising  thirty-one  of  the  latter  between  four  and  seven  miles 
the  south  of  Lincoln,  and  several  extensive  openings  showing 
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that  tlie  beds  are  mnoh  richer  at  this  distatioe  &om  Linooln,  bat 
that  tliej  beoome  very  silioeaiis  and  pass  into  a  femij^iioaB  sand 
aboTO  Normauton  about  eighteen  miles  to  the  south. 

Fio.  1. — Section  of  the  Nartliamptaii  Ironitone  bedi  eight  mitei  Sonlli  of  Lincoln. 


L  Poroiiaabad ™_ 

n.  CUj  iionatone 

HI.  Hud  cubonate  of  iron 

IV.  Cl»j  pArtiog 

T.  Hard  bine  carbonate  of 
TI.  Peroiidued  band 
Til.  Noduln  and  clay  parting* 


Till.  ] 

IX.  IroDflone  aodalet  „ 


bed 


X.  Claj  witli  nodnka  (t 
XI  Coprolit«a  and  pyiita 


XII.  Blue  liaa  cla;  .. 


10  It 

In  the  physioal  geography  of  the  oountry,  the  Northampton  Sands 
oooapy  the  upper  part  of  the  escarpment  (Fig.  2  B,  D),  known  as 
the  Cliff,  running  roaghly  parallel  to  the  Great  Northern  Bailway 
(Fig.  i)  tmm  Grantham  to  Lincoln.    At  about  a  quarter  of  a  mile 


A.LineoliubireLiiDeelone.  B, Lower  Eataarinebed.  C,  Northampton  Ironilone  bed, 
oxidised  from  the  octcrop  towaidi  F,  tbii  bed  beings  lea  feet  thiek.  D,  the  Coprolite 
bed  foui  iuchee.    £,  Liiu  day. 
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Fio.  1^— DiagBHBy  dumiif 
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Fio.  4. 


ExpLAVATioir  OP  Map.  —  1.  Normanton.  2.  Caytborpc.  8.  Leadenham. 
4.  NarenbT.  6.  Coleby  Minn.  6.  Waddinfrton  Mines.'  7.  Canwick.  8.  BnrtoD. 
9.  Scarle  Bormf^  for  coal.    10.  Greetwell  cuttin^i^. 

S.  Ry.  =  Sbeffield  Railway.  O.  Ry.  =  Grimsby  Railway.  G.  y.  Rj.  »  Gnsat 
Northern  Railway.    The  eMarpment  is  shown  by  a  shaded  line. 

Pio.  6.~Section  at  Waddington. 

Railwav.       Inmstone  Mine.    Undnladiic  Cooatiy. 
I  I  1 
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istant  from  the  Great  Northern  Railway,  and  overlooking  the  broad 
alley  of  Lias  Clay,  the  top  of  the  escarpment  is  formed  of  the 
enuded  edge  of  the  Lincolnshire  Limestone  (Fig.  2  A).  The 
orings  near  the  edge  show  a  thickness  of  the  Lower  Oolite,  Linooln- 
tiire  Limestone,  of  four  feet,  suddenly  thickening  to  thirty  feet  or 
lirty-three  feet,  and  maintaining  this  thickness  to  the  eastward, 
lie  surface  is  almost  entirely  level  for  about  a  thousand  yards  from 
be  edge  of  the  escarpment,  and  then  breaks  into  a  succession  of 
light  undulations  (Fig.  5),  until  it  is  lost  under  the  beds  of  Lower 
)olite  Clay  or  beneath  the  drifL 

From  personal  observation  I  believe  these  undulations  to  have 
•een  caused  by  the  upper  beds  having  slipped  in  the  direction  of  their 
ip,  over  the  Lias  Clay,  which  retains  the  water  that  percolates 
hirough  the  Oolite  beds  and  Northampton  Sands.  This  folding  of 
he  strata  may  be  seen  to  advantage  in  the  railway  cutting  on  the 
rrimsby  line  at  Greetwell  (Fig.  3),  about  a  mile  from  Lincoln, 
Kth  the  Lower  Estuarine  Clay  forced  up  here  and  there  where  the 
imestone  has  been  fractured.  This  escarpment  is  about  a  hundred 
nd  fifty  feet  in  height,  the  whole  being  formed  by  the  Lias  Clay 
i^ith  the  exception  of  the  upper  ten  feet,  which  is  Inferior  Oolite, 
lie  top  being  scattered  over  with  drift  pebbles,  which  I  have  failed 
D  detect  in  the  Lias  valley  nearer  than  a  mile  and  a  half,  when  they 
gain  commence  and  form  extensive  gravel-pits  at  Boultham  Moor. 

The  Lower  Estuarine  series  is  next  encountered,  varying  from 
ighteen  inches  to  two  feet,  consisting  of  a  very  white  sand  and 
laggy  sandstone,  and  in  some  places  of  clay. 

Below  this  come  the  Northampton  Ironstone  beds  (Fig.  2  C,  and 
^ig.  1),  having  a  very  constant  thickness  of  eight  feet,  and  resting 
n  the  Upper  Lias.  The  ironstone  beds  vary  in  richness  and  in 
beir  mineral  characteristics  :  whilst  the  upper  beds  are  siliceous,  the 
[>wer  beds  are  more  argillaceous ;  some  of  the  richer  bands  contain  as 
inch  as  forty  per  cent,  of  iron,  which  in  the  more  siliceous  portions 
Edls  to  twenty-eight  per  cent.  The  ore  near  the  outcrop  oocurs  in 
lodular  masses  on  an  average  perhaps  of  a  foot  in  diameter,  some- 
Imes  as  geodes  with  concentric  bands  of  oxidation,  and  occasionally 
ontaining  a  loose  kernel  of  unoxidised  blue  carbonate  of  iron.  For 
wo  hundred  yards  from  the  outcrop  the  beds  are  of  a  deep  reddish 
»rown  colour  owing  to  the  silicate  of  iron  ;  then  changing  (Fig.  2  F) 
nto  the  bluish  grey  carbonates  (Fig.  1)  ;  the  red  ore  occasionally 
Ining  fissures  plainly  showing  the  cause  of  this  change,  from  the 
riginal  blue  carbonate  by  oxidation  to  the  brown  clay  ironstone 
lodules  of  the  outcrop,  which  even  still  in  some  places  exhibit  on 
racture  a  centre  of  the  original  blue  carbonate  of  iron.  Some  por- 
ions  of  the  peroxidised  beds  are  very  vesicular,  the  well -sinkers 
laving  from  time  immemorial  called  it  '^  Firestone,"  believing  it  to 
lave  been  the  work  of  subterranean  fires. 

Immediately  over  the  Lias  Clay  there  is  a  curious  bed  (Fig.  1, 
Jo.  XL),  three  inches  in  thickness,  of  phosphatio  nodules,  with 
»yrites,  handsome  brilliant  masses,  that  the  country  people  carry  off 
s  decorations  for  their  chimney-pieces.    A  bed  oC  tqxqimsak)^^  ^^^^ 
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(Fig,  1,  No.  X.),  sparlcling  like  tbo  scales  of  a  fish,  also  exciieJ  mud 
curiosity  among  tbo  nativee. 

Thu  siliceous  ironatoae  is  very  diffioiiU  to  fuse  )u  oruciblo  exj>eri' 
luents  with  the  usuhI  proportion  of  Itmestoue  fluxe*,  «veti  in  &i 
intense  heat  of  a  puddling  furnace  ;  but  I  found  tlie  blwe  Lis*  CUj 
an  excellent  fiai.  deducting  of  course  the  iron  it  contAina  [tt 
four  per  cent.)  from  the  result.  Fossils  were  very  scarce,  i 
only  the  usual  Inferior  Oolite  s])ecimoiis,  mth  a  few  Bm&ll  ])lio«[>h»tii: 
iiodules  being  occasionally  met  with  of  aboat  an  inch  Id  length  bj 
half  an  inch  in  diameter,  in  the  Northamjitou  Ironstone  bed- 

Several  chalybeate  springs  find  their  way  into  the  valley,  aiu!  form 
thin  patches  of  re-deposited  iron  ore.  The  dead  leaves  and  twiwsl 
the  bottom  of  ditches  being  somefimefl  covered  with  orystalliw 
feathers  of  peroxide  of  iron,  as  bushes  aud  trevs  are  ooL-asteoaUt 
decorated  with  hoar  frost  in  winter. 


I 


IV. — Oeologv  or  the  IsiiB  or  Ma9. 

By  HBKBt  H.  HowoBrH,  Ew]. 

N  a  reoent  visit  to  the  Isle  of  Man,  I  spent  throe  long  ds^  k 


ig  the  deposits  of  the  very  interesting  district  i; 
f  the  island,  and  I  wish  to  draw  the  attention  of  your  readsn 
to  some  facts  which  are,  1  think,  important.  Not  being  a 
perienced  geologist,  I  hope  I  shall  do  so  with  becoming  modeetj, 
and  I  should  feel  very  gratified  if  some  more  practised  geologist 
would  verify  my  statements,  which  are,  however,  not  rashly  made, 
as  I  have  sifted  the  question  with  care  and  patience. 
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f  a  conglomerate,  and  oocasional  pookets  and  layers  of  oonsolidated 
ne  red  mud.  The  whole  thickness  is  not  more  than  twenty  feet  at 
Qv  point  The  conglomerate  consists  of  a  very  closely  packed 
Bries  of  boulders,  some  of  them  rounded  and  some  with  their 
dges  sharp,  imbedded  in  a  matrix  of  consolidated  red  mad,  similar 
>  that  just  mentioned. 

The  lk>idders  just  referred  to  are  of  various  sizes,  from  a  foot  and 

foot  and  a  half  in  diameter  to  small  pebbles,  and,  so  flEu:  as  a  careful 
nd  prolonged  examination  could  discover,  consist  almost  entirely  of 
ieces  of  limestone  and  quarts,  the  limestone  forming  about  iV 
f  the  whole.  These  limestone  boulders  are  some  of  them  of  the 
atural  colour  of  the  limestone,  and  others  are  deeply  coloured  with 
ron.  These  boulders  are  most  clearly  of  Mountain  Limestone,  and  of 
be  same  character  as  the  bedded  limestone  close  by,  and  but  for  the 
olour  of  a  number  of  them,  there  would  never  have  been  any  doubt 
bat  they  were  formed  out  of  the  disintegrated  limestone.  Again, 
be  muddy  matrix  in  which  the  boulders  are  imbedded,  as  well 
s  the  intercalated  pockets,  consista  of  a  paste  made  up  largely  of 
ulverized  limestone. 

These  facts  seem  to  admit  of  but  one  conclusion.  A  conglomerate 
onsisting  almost  entirely  of  limestone  boulders,  imbedded  in  a 
latrix  of  pulverized  limestone,  lying  immediately  in  contact  with 
eds  of  limestone,  cannot  well  by  any  process  of  reasoning  be  made 
ito  an  "  Old  Bed  Conglomerate."  Unless  there  be  some  reason  of  a 
ery  marked  kind  to  the  contrary,  tiie  conclusion  is  inevitable  t^at  it 
88  been  formed  of  the  disintegrated  beds  of  Mountain  Limestone, 
nd  is  posterior  in  date  to  them. 

Thirdly,  as  to  the  position  of  these  beds.  Mr.  Cumming  says  they 
nderlie  the  limestone  which  rests  conformably  upon  them.  I  have 
earched  carefully  the  various  points  where  they  appear  at  Langness, 
n  the  banks  of  the  river  Santon,  at  Cushnahavin,  and  in  Derby- 
aven  bay,  and  nowhere  can  I  find  evidence  to  support  this  stat«- 
lent.  The  sections  exposed  are  nearly  all  On  the  coast,  and  are 
luch  obscured  by  the  overgrowth  of  sea-weed,  and  by  discoloura- 
ion,  «tc.,  etc.  There  was  only  one  place  where  the  sequence  of  the 
eds  seemed  to  me  unmistakable,  and  that  was  in  the  beds  lying 
Imost  horizontally  between  high  and  low  water  mark  in  Derby- 
aven  bay,  and  there,  certainly,  as  far  as  I  could  make  out,  the  grey 
nd  dark  coloured  limestone  was  overlain  by  beds  of  an  ochreous 
olour,  still  unmistakable  limestone,  and  in  every  respect  bedded 
ike  the  grey  limestone  just  mentioned;  above  this  red-coloured  lime- 
tone  again  lay  the  beds  of  red  conglomerate.  Nowhere,  as  I  have 
aid,  could  I  see  any  evidences  that  the  conglomerate  was  overlain 
y  the  limestone,  nor  do  1  believe,  after  having  tested  the  position 
arefully,  that  such  a  succession  of  the  beds  can  be  seen  anywhere  in 
bis  part  of  the  island.  On  the  contrary,  north  of  the  Santon 
rook,  where,  by  the  violence  of  the  great  discharge  of  trap,  the 
eds  are  torn  and  twisted  in  an  extraordinary  fashion,  a  bed  of 
imestone  has  been  thrown  up  on  end,  and  its  lower  surface  has  been 
ared,  and  we  can  examine  very  easily  both  ita  \rgi^x  ^sA.  Y^'v^t 
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Biirfaoe.  Tbe  latter  reets  immediately  an  the  ecbUt,  and  I  lim 
a  number  of  Epocimens  lirokea  off  from  tbs  very  point  of  oonCact 
where  unmistaknble  sohtst  is  immediat^y  in  contaot  with  anDu«tek- 
able  limestoDe,  and  nothing  intervenes  between  them,  the  beJ»  al 
tlie  same  time  resting  spparpntly  confomwbly  one  upon  ihe  other. 
This  may  be  eeon  at  Cuslinabavin,  a  few  jnrcJn  north  of  thp  wlom 
of  the  Santou  brook;  a  few  yards  to  the  south,  as  J  have  wud,  lh> 
purple  sobists  luny  be  also  seen  in  immodiato  contact  with  th> 
limestone,  Bbowing  that  no  Devonian  bedi  iatci-vened. 

Fourtbly,  as  to  the  red  oof  our  of  the  beds.  This  i«  undonbted,  birt, 
ns  I  believe,  it  baa  nothing  to  do  witb  the  beds  being  Devonian.  At 
tiie  mouth  of  the  Santon  brook  may  be  seen  a  eight  which  Mr. 
(.'umming  rightly  considers  as  one  of  the  most  intereeting  which  i 
geologist  can  ^ee  anywhere.  The  twist«d  and  contorted  scbisti 
gradually  change  colour,  and  from  being  of  a  blue,  and  grey  eolour, 
become  striped  with  red  bands,  which  are  occasionally  a  foot  and 
a  foot  and  a  half  in  width,  and  eventually  the  whole  rock,  withral 
(^banging  its  character,  assumes  a  beautifnl  purple  colour.  Ttw 
brook  passes  right  through  these  purple  schists  ;  some  tea  or  fifteen 
yards  to  the  south  of  the  brook  the  agists  lie  directly  against  and  ta 
contact  with  the  great  beds  of  Mountain  Limeetone.  At  the  point 
of  contact,  and  some  distance  beyond,  the  limestone  is  coloured  of  a 
iiiaset  colour  by  iron.  There  are  no  interposed  beds  of  re<!  con- 
glomerate, but  the  Bohists  and  the  limestone  are  both  of  them  stained 
rtd  with  iron  for  some  distance  from  the  pomt  of  junction.  Fnrtljet, 
1  was  told  by  a  neighbouring  farmer  that  a  shaft  had  been  pierced 
into  the  limestone  at  the  point  of  contact  in  search  of  iron-ore. 
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Peel,  which  I  have  not  seen,  and  my  argumentB  only  apply  to  the 
beds  in  the  south  of  the  island.  Haying  shown  that  the  red  beds 
are  not  Devonian,  I  hope  in  another  oommunioation  to  show  what 
they  really  are. 


L — A  GataiiOOUb  of  Bbitish  Fossil  Gbustaoba,  with  their 
Stnontms  and  the  Eangb  in  Time  of  Eaoh  Genus  and 
Obdeb.  By  Henby  Woodwabd,  F.B.S.,  F.G.S.,  of  the  Depart- 
ment of  Geology,  British  Museum.  8yo.  pp.  168.  (London: 
Printed  by  order  of  the  Trustees,  April,  1877.) 

THE  want  of  a  Catalogue  of  British  Fossil  Crustaoea,  in  which  all 
the  synonyms  should  be-  given,  has  long  been  felt  Tlie 
present  task  was  commenced  some  years  since ;  but,  owing  to  the 
unsatisfactory  state  of  one  group,  the  Bivalved  Entomostraoa,  which 
greatly  needed  revision,  the  work  was  for  some  time  laid  aside  by 
its  antiior  for  other  and  more  pressing  occupations. 

Thanks  to  the  labours  of  Messrs.  Brady,  Crosskey,  and  Bobertson, 
whose  Monograph  on  the  British  Fossil  Post-Tertiary  Entomostraca 
forms  quite  a  volume  of  itself  in  the  Monographs  of  the  PalsBon- 
tographical  Society  for  1874,  this  portion  of  &e  work  has  now  been 
▼ery  carefully  worked  out,  and  when  combined  with  the  long 
labours  of  Prof.  T.  Bupert  Jones,  F.B.S.,  amongst  the  older  forms, 
leaves  little  more  to  be  desired  in  the  completion  of  this  group. 

Some  idea  may  be  formed  of  the  progress  of  palasontological  work 
in  this  country  from  the  fact  that  when  Prof.  Morris's  Catalogue  of 
British  Fossils  was  published  in  1854,  he  recorded  81  genera  and 
806  species  of  Fossil  Crustacea  only. 

The  present  Catalogue  contains  a  record  of  197  genera,  and  1051 
species  and  varieties  found  fossil  in  Britain ;  so  that,  since  1854, 116 
new  genera,  and  745  new  species  and  varieties  of  Fossil  Crustacea 
have  been  figured  and  described  in  Britain. 

With  the  exception  of  one  doubtiful  organism  (the  Eozoon  Cana- 
dense)  not  met  with  in  the  oldest  known  British  Sedimentary  rocks, 
the  fossil  representatives  of  the  class  Cbustagea  take  rank  in  an- 
tiquity amongst  the  earliest  known  organic  remains. 

From  the  recently  discovered  Pre-Cambrian  rock^  of  St  David's, 
Pembrokeshire  (the  "Dimetian"  and  "Pebidian"  formations),  no 
organic  remains  of  any  kind  have  been  obtained ;  the  Lower  Cam- 
brian series,  however,  have  yielded  to  the  labours  of  Mr.  Henry 
Hicks,  F.G.S.,  and  others,  remains  of  Molluscoida,  Annelida,  and 
Cbustaoea. 

Of  the  thirteen  Orders  enumerated  in  the  subjoined  Table  (p. 
416),  two  only  (printed  in  Italics)  are  extinct,  namely  the  Trilobita 
and  EuBYPTEBiDA,  and  three  are  not  represented  in  a  fossil  state, 
viz.  the  Cladoceba,  the  Copepoda,  and  the  Rhizogephala. 

The  small  Table  is  intended  to  show  at  a  glance  the  Q»x\i^^ 
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Rppearance  in  time  (so  tax  as  we  have  been  enabled  to  ascertain  il) 
of  each  order,  and  its  reounenoe  in  each  snocesdve  fonoAtioo. 


Port-Tertiarj 

Tertiary 

Cretavetnu 


i! 


Mi 


BRAOHYDBi. — The  oldest  known  Crab  is  the  Palainachut  l^ng^n, 
H.  Woodw.,  from  the  Forest  Marble  (Great  Oolite),  Wilts.  The 
Crabs  are  well  represented  from  the  Jurassic  period  to  the  present 
da^ ,  when  they  attain  their  maximum  development  within  the  warm, 
temperate,  and  subtropical  latitudes,  where  land,  freshwater,  and 
marine  specimens  abound. 

Anohuba. — The  Anomura  embrace  forms  of  Decapods,  both  re- 
lated to  the  Brachyura  (ej?.  Dromia,  Poreellana,  Dorippe,  etc)  and 
to  the  Mocnira  (e.g.  Pagurua,  Qalalhea,  Manida).  Their  earUest 
appearance  is  in  the  Cretaceous  period.  Numerous  species  of  tomd 
and  marine  Anomura  are  found  within  the  tropics,  and  the  marine 
species  occur  very  widely  distributed  in  the  colder  seas  of  the 
globe. 

Macbuba. — Of  this  division  of  the  Dboapoda  a  single  species,  the 
Attthrapalamon  Grogtariii,  occurs  in  the  Coal-measures,  and  is  well 
represented  from  the  Trias  to  the  present  day.  There  are  abundant 
freshwater  and  marine,  but  no  Zan^-dwelling  Macrura. 

Stomapoda. — One  species  (the  Pygoeephalua  Bwdeyi,  H.  Woodw.) 
from  the  Coal-measures  probably  is  referable  to  this  division.  True 
Squillas  and  Mytii-liVe  Crustaceans  occur  in  the  Jurassic  rocks. 
They  are  most  abundant  in  our  modem  seas. 

IsOPODA. — The  remains  of  a  single  species  of  Isopod,  Prcearelunu 
giga»,  H.  Woodw.,  have  been  obtained  from  the  Old  Red  Saodstone 
of  Herefordshire,  and  other  representatives  occur  in  the  Carboniferous 
and  Secondary  rocks.  The  Isopoda  are  most  widely  distributed  over 
land  and  sea  to-day — terrestrial,  freshwater,  and  marine  species 
abound. 

Tbilobita. — This  extinct  Order  ranges  from  the  Lower  Cambrian 
to  the  Cariioniferons  Series,  more  than  300  British  species  being 
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described,  and  in  Bohemia  850  species  have  been  named  and 
figured  by  Barrande  alone.  The  great  Paradoondes  Davidis 
measures  nearly  two  feet  in  length.  As  this  group  ascends  in  time, 
we  find  those  extravagantly  ornamented  and  spinose  forms,  such  as 
Paradaxides  and  Acidaspis,  disappear;  and  only  three  genera  sur- 
vive in  the  Carboniferous,  small  in  size,  and  very  regular  and  neat 
in  form,  especially  the  genus  Chiffithides, 

Amphipoda. — ^The  Amphipoda  has  one  representative  in  the  Upper 
Silurian  (the  Necrogammarus  Sahoeyi,  H.  Woodw.) ;  it  is  represented 
by  Qampsonyx  in  the  Coal  of  Bhenish  Prussia ;  and  by  the  genus 
ProBoponiscus  in  the  Permian  of  Durham.  Other  (Secondary)  species 
occur  in  Bavaria,  etc.  The  living  genera  of  Amphipoda  are 
abundant  both  in  marine  and  freshwater,  and  some  species  are  even 
terrestrial  in  their  habits. 

XiPHOsuBA. — The  earliest  representative  of  the  King- Crabs  known 
is  the  Neolimtdus  faleatuSj  H.  Woodw.,  from  the  Upper  Silurian  of 
Lanarkshire ;  several  species  are  met  with  in  the  Coal-measures,  and 
are  very  widely  distributed.  The  genus  is  represented  largely  in 
the  Oolite  of  Bavaria,  and  is  also  found  living  to-day  in  both  the  Old 
and  New  World. 

EuBYPTEBiDA. — The  EuEYPTKBiDA,  like  the  TBiLOBrPA,  are  an 
extinct  order.  They  were  represented  in  Devonian  and  Silurian 
times  by  genera,  which  attained  a  length  of  from  5  to  6  feet.  They 
are  nearly  related  to  the  Eing-Crabs  in  structure,  but  differed  in 
their  development  as  do  the  Lobsters  from  the  Crabs  at  the  present 
day :  the  Xiphosuba  representing  the  Bbachtuba,  and  the  Euby- 
PTSBiDA  the  Macbuba. 

Phyllopoda. — The  PhyHopoda  are  represented  from  the  Middle 
Cambrian  to  the  Tertiary  period  by  many  genera.  Large  extinct 
forms,  closely  resembling  the  little  modem  Nebalia  bipes,  were 
abundant  in  the  Upper  Silurian  of  Ludlow  and  Lanark.  They  are 
represented  to-day  by  species  in  freshwater,  brackish  water,  salt 
water,  and  highly  saline  salterns  and  lakes. 

OsTBAGODA. — The  Bivalved  Entomostraca  included  in  this  order 
are  largely  represented  throughout  the  entire  series  of  stratified 
rocks,  from  the  Lower  Cambrian  to  the  present  day ;  they  are  equally 
well  represented  in  a  recent  state.  They  not  unfrequently  (as  in 
the  Cypris  shales  of  the  Wealden)  make  up  entire  strata  with  their 
accumulated  bivalved  carapaces. 

OiBBiPEDiA.  (a.)  Balanid^. — The  oldest  fossil  sessile  Cirripede 
is  the  Pyrgoma  cretacea,  H.  Woodw.,  from  the  Upper  Chalk  of 
Norwich. 

(b.)  Lepadida. — The  oldest  known  pedunculated  Cirripede  is  the 
Turrilepas  Wrightii,  H.  Woodw.,  from  tiie  Upper  Silurian  of  Dudley. 
None  have  been  met  with  lower  than  the  Lias  except  Turrilepas ; 
but  from  the  Lias  upwards,  pedunculated  forms  are  well  represented. 

The  group  is  abundant  and  cosmopolitan  in  all  the  seas  of  the 
world,  parasitic  on  all  objects,  living  and  dead. 

The  subjoined  Table  gives  the  number  of  genera,  species,  and 
varieties  belonging  to  each  order,  and  suborder  in  the  class  Crustacea* 
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is  the  same  break  between  the  Seoondary  and  Tertiary  series.  Mr. 
Woods  is  of  opinion  that  the  weight  of  evidence  is  against  the 
theory  advanced  by  some  that  any  part  of  the  continent  has  remained 
dry  land  since  the  Mesozoic  period. 

Mr.  K.  M.  Johnston's  paper  deals  with  the  stratigraphical  order 
of  the  Table  Oape  Tertiary  series.  The  surrounding  country  has 
been  subjected  to  a  large  amount  of  denudation,  a  capping  of  basalt 
and  basaltic  tufif,  80  feet  thick,  acting  as  the  protecting  medium  in 
the  immediate  vicinity  of  the  Cape.  Beneath  this  cap  is  a  series  of 
beds  of  white  and  grey  calcareous  sandstone,  termed  by  the  author 
the  **  Turritella  Group "  from  the  prevalence  of  T.  Warburtonii, 
Tenison- Woods.  The  deposit  next  in  order  of  succession  below 
the  "  Turritella  Group  "  consists  of  an  "  irregular  agglomeration  of 
shells,  bound  up  in  a  matrix  of  ferruginous-looking  mud,"  and  is 
called  the  **  Crasaatella  bed."  The  fauna  of  both  groups  is  a  copious 
one,  and  they  are  respectively  characterized  more  by  the  prevalence 
of  certain  forms  in  each,  and  the  gradual  diminution  or  increase  of 
these,  as  the  case  may  be,  as  we  pass  from  one  series  to  the  other, 
than  by  the  restriction  of  species  to  each  bed.  All  that  can  be  said 
is  that  the  Turritella  Group  and  Crassatella  bed  were  accumulated 
under  somewhat  dififerent  conditions  to  one  another.  This  marine 
deposit  rests  upon  a  highly  indurated  conglomerate  floor,  which 
probably  corresponds  to  a  conglomerate  described  by  Mr.  Gould  on 
the  Dial  Range,  as  of  Silurian  age.  At  the  Table  Cape  this  con- 
glomerate appears  to  rest  unconformably  on  slate  rock. 

The  species  obtained  by  Mr.  Johnston  from  the  Tertiary  beds  of 
Table  Cape,  150  in  number,  were  examined  by  the  Rev.  Mr.  Woods, 
and  the  new  species  described  in  the  third  paper  above  cited. 
Eighty  of  these  were  found  to  be  new,  of  which,  10  per  cent. 
are  existing  forms,  and  appear  to  indicate  the  Table  Cape  beds 
as  a  deposit  of  the  Laminarian  zone.  The  Foraminifera  are 
abundant,  and  amongst  the  Corals  are  the  only  true  reef-builders 
met  with  in  the  Australian  Tertiaries.  The  Brachiopoda  are  also 
abundant,  and  the  Echinodermata  numerous,  presenting  some  new 
forms,  whilst  on  the  other  hand  the  Polyzoa  are  scarce,  a  marked 
contrast  to  similar  beds  in  South  Australia.  Eliminating  those 
fossils  peculiar  to  the  Table  Cape  beds,  the  majority  are  identical 
with  those  of  the  S.  Australian  so-called  Miocene,  there  being  a 
greater  resemblance  between  the  two  deposits  on  each  side  Bass's 
Straits,  than  between  the  existing  Molluscan  faunas  of  the  two 
coasts.  The  new  species  described  by  Mr.  Woods  are  divided  as 
follows : — Gasteropoda,  48  or  49 ;  Lamellibranchiata,  9;  Polyzoa,  1 ; 
Corals,  2 ;   and  by  Mr.  Johnston,  Echinodermata,  1. 

The  Polyzoon  described  is  both  a  new  genus  and  species — Buskia^ 

{B.  iypica,  Tenison- Woods).     We  would  merely  point  out  that  the 

term  Buskia  has  already  been  made  use  of  in  a  generic  sense  by  the 

late  Mr.  Alder  for  a  recent  Zoophyte,  which  he  named  Buskia  nitens} 

R.  E.,  Jun. 

1  Gatalogne  of  the  Zoophytes  of  Northumberland  and  Durham,  Trans.  Tyneside 
Kat.  Field  Club,  toI.  iii.  p.  166. 

SSCADB  n. — YOL.  IT. — HO,  IZ.  ^1 
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I, — Royal  Gkolooioal  Society  of  lREL*:fD, — March  IG,  1877. 

"  Ob  ibe  Nature  nud  Origin  of  the  Beds  of  Chert  iiv  the  Bpfn 
Carboniferous  Limcstonea  of  Ireland."  By  Prof.  Kdwani  HiJl. 
M.A.,  F.E.8.,  Director  Qeol.  Sorrt^y  of  Irolaiid.  Wilh  -Ctewio*! 
Not«,"  by  E.  T.  Hardnwn,  F.C.S..  Geol.  Stirvey  of  Ireland. 

After  reviewing  what  had  been  published  by  previous  (rwhonen 
the  origin  of  cIiurt-l>edB,  and  shoivlng  that  tntich  remained  to  bo  doat 
Id  this  depBrtnient  of  petrology,  the  author  proceeded  to  de»crihe  tlu 
geological  position  of  the  principal  oherty  zone  of  the  Carbonifcnoi 
Limestone  of  Ireland.  »howing  that,  white  banda  of  ohen  ocoitr  *1 
intervals  thruughout  this  formation,  ibe  highest  beda  imuiediatsl; 
under  "  The  Yoredale  Shales  "  are  eapecially  rich  in  oht-rl,  aud  tn 
frequently  entirely  replaced  by  this  mineral.  In  these  bi'ds  onillioi-, 
criuoidel,  and  other  marine  fonua  were  frequently  to  Ihs  rvOO^TUWl 
by  the  naked  eye.  Thin  alioea  for  microscopic  esaminalion,  Ukn 
from  various  localities,  extending  from  Sligo  to  Carlow,  also  showed 
that  even  the  most  dense  and  ooupact  massee  ofohert  ejchihit,  mdM 
favouralile  circumstances,  forma  belonging  to  tlioaeof  marineaoimab 
— such  BS  corals,  crinoids,  foraminifera,  and  oocasiooAlly  moDma. 
animals  whicli  build  their  shells  or  skeletons  of  carboniito  of  liine 
rather  than  of  silica,  The  nilioeous  paste  in  which  these  formg  are 
inclosed  was  found  to  be  in  a  gelatinous  state,  and  the  forms  were 
only  to  be  dietingnished  by  difference  in  depth  of  shade  from  the 
paste,  the  shells  or  skolelone  having  disappeared.  The  cliemica! 
analyses  of  these  specimens  by  Mr.  E.  T.  Hardmnn,  F.C.S.,  tended 
to  show  that  the  chert-beds  contain  various  proportions  of  carbopate 
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ation  would  take  place,  analc^otiB  to  that  described  by  Prof.  Dr.  P. 
lartin  Duncan,  F.B.S.,  as  having  occurred  in  West  Indian  Corals. 

The  paper  was  accompanied  by  chemical  analyses  and  photographic 
tgnres  of  some  of  the  thin  slices,  slightly  magnified. 

IT. — British  Association,  Plymouth,  August  16th,  1877. — Section  C. 
^dress  to  the  Geological  Section.  By  W.  Pengelly,  F.RS.,  F.G.S.,  Presi- 
lent  of  the  Section. 

When,  as  long  ago  as  1841,  the  iBritish  Association  made  its  only  pre- 
loos  visit  to  Plymouth,  some  of  us,  now  amongst  its  oldest  members, 
ihoogfat  ourselves  too  young  to  take  any  part  in  its  {Hnoceedings.  If  the 
iffbcts  of  that  meeting  are  still  traceable  in  this  district,  it  will  be  admitted, 
Kf  course,  that  the  seed  then  sown  was  of  excellent  quality  and  that  it  fell 
m  good  soil  Be  this  as  it  may,  the  hope  may  be  cherished  that  thirty- 
dx  years  will  not  again  be  allowed  to  elapse  between  two  consecutive  visits 
o  the  capital  of  the  two  south-western  counties. 

One  effect  of  this  wide  hiatus  is  the  loss  of  almost  all  the  human  links 
vhoae  presence  on  this  occasion  would  have  pleasantly  connected  the 
ireaent  with  the  past  A  glance  at  the  lista  of  Trustees  and  the  General, 
Sectional,  and  Local  officers  in  1841  will  show  that  the  i»resence  of  scarcely 
me  of  them  can  be  h(^>ed  for  on  this  occasion ;  and  there  is  but  little 
Kobability  that  any  of  those  who  prepared  Reports  or  Papers  for  the  last 
Plymouth  Meeting  will  have  done  so  mr  that  which  is  now  assembled. 

Kor  are  these  the  only  changea  In  1841  Section  0  embraced,  as  at  the 
beginning,  the  Geographers  as  well  as  the  Geologists ;  but  ten  years  later  the 
geographers  were  detached,  whether  to  find  room  for  themselves,  or  to  make 
txnxi  for  the  students  of  an  older  geography,  it  is  not  necessary  to  inquire. 

Some  years  afterwards  came  an  innovation  which,  until  entering  on  the 
jreparation  of  this  address,  I  always  regarded  as  a  decided  improvement. 
[lie  first  Presidential  Address  to  this  Section  was  delivered  at  Leeds  in 
1858  by  the  late  Mr.  Hopkins,  so  well  known  to  geologists  for  his  able 
ipplication  of  his  great  mathematical  powers  to  sundry  important  problems 
n  their  science  ;  and  from  that  time  to  the  present,  with  the  exception  of 
;he  Meetings  of  1860  and  1870  only,  the  President  of  this  Section  has 
lelivered  an  address. 

None  of  the  local  geological  papers  read  in  1841  appear  to  have  attracted 
\o  much  attention  as  those  on  Lithodomous  Perforations,  Raised  Beaches, 
Submerged  Forests,  and  Caverns  (see  Athenaeum  for  7th  to  28th  of  August, 
L841);  and,  as  an  effort  to  connect  the  present  with  the  past,  I  have 
lecided  on  taking  up  one  of  these  threads,  and  devoting  the  remarks  I 
lave  now  to  offer  to  the  History  of  Cavern-Exploration  in  Devonshire.  I 
im  not  unmindful  that  there  were  giants  in  those  days  ;  and  no  one  can 
leplore  more  than  I  do  our  loss  of  Buckland  and  De  la  Beche,  amongst 
nany  others ;  nor  can  I  forget  the  enormous  strides  opinion  has  made 
rince  1841,  when,  in  this  Section,  Dr.  Buckland  ''contended  that  human 
■emains  had  never  been  found  under  such  circumstances  as  to  prove  their 
x>iltemporaneous  existence  with  the  hyaenas  and  bears  of  the  Caverns," 

ind  added  that  "  in  Kent's  Hole  the  Celtic  knives were  found  in 

loles  dug  by  art,  and  which  had  disturbed  the  floor  of  the  cave  and  the 
3ones  below  it"  (Athenseum,  14th  Aug.  1841,  p.  626).  This  scepticism, 
lowever,  did  the  good  service  of  inducing  cavern  explorers  to  conduct  their 
researches  with  au  accuracy  which  should  place  their  results,  whatever  they 
nidbt  prove  to  be,  amongst  the  undoubted  additions  to  human  knowledge. 

The  principal  Caverns  in  South  Devon  occur  in  the  limestone  districts 
)f  Plymouth,  Yealmpton,  Brixham,  Torquay,  Buckfastleigh,  and  Chud- 
eigh  ;  but  as  those  in  the  last  two  localities  nave  yielded  nothing  of  im- 
x^tauce  to  the  Anthropologist  or  the  Palaeontologist,  they  will  wc^t  Vy^ 
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further  notioed  on  this  ocoamon.  In  detling  with  the  otheiB  it 
simple  to  follow  mainly  the  order  of  chronology  ;  that  is  to  aiy,  to  oo» 
meuce  with  the  Cavem  which  fint  caught  acientiJBo  attention,  uoy  haviil 
finished  all  that  the  time  at  my  disftoBal  will  aDow  ma  to  aaj  about  ift^bB 
not  before,  to  proceed  to  the  next,  in  the  order  thus  dftfinod ;  and  ao  m 
through  the  series. 

Oreston  Cavemi,—WbBii  Mr.  Whidbey  engaged  to  aoperintend  ilia  ooa- 
Btruction  of  the  Plymouth  Breakwater,  Sir  Joseph  Bann,  Preaidant  of  tb 
Roysil  Society,  requested  him  to  examine  nairowlr  any  careiTia  be  nq^ 
meet  with  in  the  umestone-rock  to  be  quanied  at  (jreatoo,  near  tbe  mam 
of  the  river  Plym,  not  more  than  two  miles  from  the  room  in  wfaioh  n 
are  assemUed,  and  have  the  bones  or  anv  other  fbaail  xemaina  that  mn 
met  with  carefiillv  preserved  (see  Phil.  Trans.  1817.  ppi.  176-182).  Thk 
request  was  cheermuy  complied  with,  and  Mr.  Whidbey  bad  tbe  plsHiai 
of  discovering  bone-caves  in  November  1816,  November  1820^  August  aii 
Nov.  1822,  and  of  sending  the  remains  found  in  them  to  the  Royal  Boat^ 

It  is,  perhaps^  worthv  of  remaric  that,  though  Cavem-ieaearcbea  rBceml 
a  great  mipulse  from  the  discoveries  in  Elirkaale,  Yorkshire^  and  eegodi^ 
from  Dr.  Buckland's  well-known  and  gn^hic  descriptions  of  tbem.  sun 
researches  had  originated  many  years  Mfore.  The  request  bv  1^  Josegl 
Banks  was  made  at  least  as  early  as  1812  ^see  Trans.  Gevon.  Aaaoa  v.  pp. 
252,  253),  and  a  paper  on  the  Oreston  discoveries  was  read  to  tiie  Bc^il 
Society  in  February  1817,  whereas  the  Kirkdale  Cavern  was  not  disoofOii 
until  1821.  British  Cave-huntiAg  appears  to  have  been  a  acienee  of  Denia* 
shire  birth. 

The  Oreston  Caverns  soon  attracted  a  considerable  number  of  aUi 
observers ;  they  were  visited  in  1822  by  Dr.  Buckland  and  Mr.  Warimtaa; 
and  in  a  comparatively  short  time  beoune  the  theme  of  a  somewhat  vok- 
minous  literature.  Nothing  of  importance,  however,  seems  to  have  beeo 
met  with  from  1822  until  1858,  wnen  another  cavern,  containing  a  larp 
number  of  bones,  was  broken  into.  Unfortunately,  there  was  no  one  ai 
band  to  superintend  the  exhumation  of  the  specimens  ;  the  work  was  kft 
entirely  to  the  common  workmen,  and  was  badly  done  ;  many  of  tite 
remains  were  dispersed  beyond  recovery ;  the  matrix  in  which  they  were 
buriod  was  never  adequately  excamined  ;  and  we  are  utterly  ignorant,  and 
must  for  ever  remain  so,  as  to  whether  they  did  or  did  not  contain  indic&- 
tions  of  human  existence.  I  visited  the  spot  from  time  to  time,  aud  bought 
up  everything  to  be  met  with  ;  but  other  scientific  work  in  another  part  of 
the  county  occupied  me  too  closely  to  allow  more  than  an  occasional  viaii. 
The  greater  part  of  the  specimens  I  secure<l  were  lodged  in  the  British 
Museum,  where  they  seem  to  have  been  forgotten,  whilst  a  few  remain  in 
my  private  collection. 

Some  difference  of  opinion  has  existed  respecting  the  character  of  the 
8ucce.s.sive  caverns,  and  much  mystery  has  been  imported  into  the  qucsUou 
of  the  introtluction  of  their  contents.  Mr.  Whidbey,  it  is  said,  *'  saw  no 
possibility  of  the  cavern  of  1816  having  had  any  external  communication 
through  the  rock  in  which  it  was  inclined"  (Phil.  Trans.  IblT,  pp.  175- 
182)  ;  but  Dr.  Buckland  was  of  opinion  that  they  were  all  at  first  tissures 
open  at  the  top,  and  *'  that  the  openings  had  been  long  filled  up  with 
rubbish,  mud,  stalactite,  or  fragments  of  rocks  cemented,  as  sometimes 
happens,  into  a  breccia  as  solid  as  the  original  rock,  and  ovexp^own  with 
grass"  (Phil.  Trans.  1822,  pp.  171-240). 

The  conclusion  I  arrived  at,  after  studying  so  much  of  the  roof  of  the 
cavcni  of  1858  as  remained  intact,  was  that  Dr.  Buckland's  opinion  was 
fully  borne  out  by  tbe  facts  ;  that,  in  short,  the  Oreston  caverns  were 
Fismtre  Caverns,  not  Tumid  Cavenis, 

The  Cavern  of  1858  was  an  almost  vertical  fissure,  extending  a  length  of 
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about  90  feet  from  N.N.E.  to  S.S.W.  It  commenced  at  about  8  feet 
below  the  surface  of  the  plateau,  continued  thence  to  the  base  of  the  cliff, 
but  how  much  further  was  not  known,  and  its  ascertained  height  wa8 
about  52  feet.  It  was  2  feet  wide  at  top,  whence  it  gradually  widened 
to  10  feet  at  bottom.  The  roof,  judging  from  that  part  whicn  had  not 
been  destroyed,  was  a  mass  of  Hmestone-breccia,  made  up  of  laree  angular 
firagments,  cemented  with  carbonate  of  lime,  and  requiring  to  oe  blasted 
aa  much  as  ordinary  limestone.  The  Cayem  was  completely  filled  with 
deposits  of  yarious  kinds. 

The  uppermost  8  feet  consisted  of  loose  angular  pieces  of  limestone, 
none  of  which  exceeded  lOlb.  in  weight,  mixed  with  a  comparatiyely  small 
amount  of  such  sand  as  is  common  in  dolomitized  limestone  districts,  but 
without  a  trace  of  stalagmite  or  fossil  of  any  kind.  The  32  feet  next 
below  were  occupied  wi&  similar  materials,  with  the  addition  of  a  cou- 
aiderable  quantity  of  tou^  dark,  imctuous  clay.  Between  this  mass  and 
the  outer  wall  of  the  cayem  was  a  nearly  yertical  plate  of  stalagmite, 
usually  about  2  feet  thick,  and  containing,  at  by  no  means  wide  intervals, 
firmly  cemented  masses  of  bueccia  identical  in  composition  with  the 
adjacent  bed  iust  mentioned.  The  bonea  the  cayems  yielded  were  all 
found  within^  these  32  feet ;  and  were  met  with  equally  in  the  loose  and 
the  coherent  breccia,  as  well  as  in  the  stalagmite.  A  somewhat  consider- 
able number  of  ellipsoidal  balls  of  clay,  from  1*5  to  2*5  inches  in  greatest 
diameter,  occurred  in  the  clay  of  this  bone^bed,  but  not  elsewhere.  Still 
lower  was  a  mass  of  dark,  tough,  imctuous  clay,  containing  a  yery  few, 
small,  angular  stones,  but  othemdse  perfectly  homogeneous,  and  known  to 
be  12  feet  deep,  but  how  nnich  more  was  undetermined. 

The  osseous  remains  found  at  Oreston  prior  to  1858  haye  been  described 
by  Sir  E.  Home^  Mr.  Clift,  Dr.  Buckland,  Professor  Owen,  Mr.  Busk,  and 
others.  The  animals  represented  were  Urms  priscus,  U.  spelceitSy 
Weasel  H),  WoUy  Fox,  Caye  Hyeena,  Caye  Lion^  Khinocero^  leptorhinus^ 
JBquvs  jouUian  JS,  plicidensy  Asinus  fomlisi,  Bison  minor,  Bo»  tongifrom, 
and,  according  to  the  late  Mr.  Bellamy,  Mammoth  and  Hippopotamus 
(see  Nai  Hist,  of  S.  Deyon,  1839,  p.  82).  With  regard  to  Hippopota- 
TXLVB,  I  can  only  say  that  I  haye  neyer  met  with  satisfactory  eyidence 
of  its  occurrence  in  Deyonshire  ;  but  the  Mammoth  was  certainly  found 
at  Oreston  in  1858  ;  and,  unless  I  am  greatly  in  error,  remains  of  Rhino- 
ceros tichorhinus  were  also  met  with  then,  and  lodged  by  me  in  the  British 
Museum.  It  may  be  added  that  the  skull  and  other  relics  of  Hog  were 
exhumed  on  that  occasion,  and  now  belong  to  my  collection.  There  was 
nothing  to  suggest  that  the  cayem  had  been  the  home  of  the  Hyaena  ;  and 
whilst  I  fiilly  accept  Dr.  Buckland*s  opinion  that  the  animals  had  fallen 
into  the  open  fissures  and  there  perished,  and  that  the  remains  had  sul)- 
sequently  been  washed  thence  into  the  lower  yaultings  (Reliq.  Dil.  2nd  ed. 
1^4^  p.  78),  I  yenture  to  add  that  some  of  the  animals  may  haye  retired 
thither  to  die  ;  a  few  may  haye  been  dragged  or  pursued  there  by  beasts 
of  prey  ;  whilst  rains,  such  as  are  not  quite  unknown  in  Deyonshire  in  the 
present  day,  probably  washed  in  some  of  the  bones  of  such  as  died  near  at 
nand  .on  the  adjacent  plateau.  Nothing  appears  to  have  been  met  with 
auggestiye  of  human  yisits. 

KenCs  Hole. — About  a  mile  due  east  ^m  Torquay  harbour  and  half  a 
mile  north  from  Torbay,  there  is  a  small  wooded  limestone  hill,  the  eastern 
side  of  which  is,  for  the  uppermost  30  feet,  a  yertical  cliff,  haying  at  its 
base,  and  54  feet  apart,  two  apertures  leading  into  one  and  the  same  va^st 
cayity  in  the  interior  of  the  hill,  and  known  as  Rentes  Hole  or  Cavern. 
These  openings  are  about  200  feet  aboye  mean  sea-level,  and  from  them 
the  hill  slopes  rapidly  to  the  valley  at  its  foot,  at  a  level  of  from  60  to  70 
feet  below. 
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There  seems  to  be  neither  record  nor  tradition  of  the  <1isoovery  of  the 
Caveni.  Richardson,  in  the  8th  edition  of  *  A  Tour  through  the  IsUdu 
of  (ireat  Britain,'  published  in  1778,  speaks  of  it  as  **  perhaps  the  erette:<t 
natural  curiosity  "  in  the  county  ;  its  name  occurs  on  a  map  dated  1769 : 
it  is  mentioned  in  a  lease  dated  1659  ;  visitors  cut  their  names  and  dttts 
on  the  stalagmite  from  1571  down  to  the  present  century  ;  judging  from 
numerous  ol)jects  found  on  the  floor,  it  was  visited  by  man  throagL 
uiedireval  back  to  pre-Koman  times  ;  and,  unless  the  facts  exhumed  Inr 
explorers  have  been  misiuterj^reted,  it  was  a  human  home  during  the  en 
of  the  Mammoth  and  his  contemporaries. 

In  18^24,  Mr.  Northmorc,  of  Cleve,  near  Exeter,  was  led  to  make  a  few 
diggings  in  the  Cavern,  and  was  the  iirst  to  find  fossil  bones  there.  He 
was  soon  followed  by  Mr.  (now  Sir)  W.  C.  Trevelyan,  who  not  only  found 
lK>nes,  but  had  a  plate  of  them  engraved.  In  1825,  the  Rev.  J.  MacEnerr. 
an  Irish  Roman  Catholic  priest  residing  in  the  family  of  Mr.  Gary,  of  Tor 
Abl^y,  Torquay,  first  visited  the  Cavern,  when  he,  too,  found  teeth  and 
bones,  of  which  he  published  a  plate.  Soon  after,  he  made  another  visit 
accompanied  by  Dr.  Buckland,  when  he  had  the  good  fortune  to  discover 
a  flint  implement  ;  the  first  instance,  he  tells  us,  of  such  a  relic  being 
uotic^  in  any  cavern  (see  Trans.  Devon  Assoc,  iii.  p.  441).  Before  the  close 
of  1825,  he  commenced  a  series  of  more  or  less  systematic  diggings,  and 
continued  them  until,  and  perhaps  after,  the  summer  of  1829  (ioid  p. 
21)5).  Preparations  appear  to  have  been  maile  to  publish  the  results  of 
his  la1>ours  ;  a  pros])ectus  was  issued,  numerous  plates  were  lithograpbeiL 
it  was  generally  believed  that  the  MS.  was  almost  ready,  and  the  only 
thing  neeiled  was  a  list  of  subscribers  sufficient  to  justify  publication,  when, 
alas !  on  the  18th  Feljruary,  1841,  before  the  printer  ha<l  received  anv 
*'  copy,"  before  even  the  world  of  Science  had  accepted  his  anthro|)ol(>inivJ 
(1i<o(>verio.s,  bof*)re  the  value  of  his  labours  were  knowu  to  more  than  a  vcrr 
fow,  Mr.  MacEnerj'  diod  at  Torquay. 

AftiT  his  decease  his  MS.  could  not  l>e  discovered,  and  its  lo?^s  wjv*  tlulv 
<1« -plored.  Nevei'tlieless,  it  was  found  after  several  years,  an<l,  luviiii' 
uinltM'gone  varieties  of  fortune,  became  the  proiK^rty  of  Mr.  Vivian,  "! 
Torquay,  who,  having  published  portions  of  it  in  1850,  present*.'d  it  iii 
l^in  to  the  Torquay  Natural  History  Society,  whose  proix»rty  it  srili 
remains.  In  l^GJ),  I  luul  the  pleasure  of  printing  the  whole,  in  the  *Trdii?- 
actions  of  the  Devonshire  Association.' 

Wliilst  Mr.  MacEnery  was  conducting  his  researches,  a  few  indei^nde'at 
diirijiiiL's,  on  a  less  extensive  scale,  were  undert^ikeu  by  other  gentleiutij. 
Tin*  ])rincii)al  of  these  was  Mr.  Godwin-Austen,  the  well-known  ge<»l«>in>t, 
v'liose  pa^Hirs  fully  lx)re  out  all  that  MacEnery  had  stated  (see  Tniiis. 
(icol.  Soc.  Lond.  2nd  series,  vi.  p.  446).  In  1840,  a  sub-committee  of  th? 
Torquay  Natural  History  Society  undertook  the  cfireful  exploration  'M 
Very  small  parts  of  the  Caveni,  and  their  ReiM)rt  was  entirely  contirmaton 
of  the  statements  of  their  predecessors — that  undoubted  flint  imi»lenient.> 
di<l  occur,  mixed  with  the  remains  of  extinct  mammals,  in  tho  cave-earth. 
Ixncath  a  thick  floor  of  s-talagmite.  The  sceptical  position  of  the 
a-itliorities  in  geological  science  remained  unaffected,  however,  imtil  1S'>-^. 
wluMi  the  (lisc<>verv  and  systematic  exphmition  of  a  comparatively  small 
\  irL'in  caveni  on  A\  indmill  Hill,  at  Brixham,  led  to  a  sudden  and  complet<^ 
Involution  ;  for  it  w,is  seen  that  whatever  were  the  facts  elsewhere,  then- 
\iu\  undoubtcilly  been  found  at  Brixham  flint  implements  c^mmingle»i 
Mith  tho  remains  of  the  Manmioth  and  his  companions,  and  in  such  a  way 
ju^  to  render  it  impossible  to  doubt  that  Man  occupied  Devonshire  before 
the  extinction  of  the  cave  mammals. 

I'nder  the  feeling  that  the  statements  made  by  MacEnery  and  bis 
folJowers  respecting  Kent's  Hole  were  perhaps,  after  all,  to  be  accepted  as 
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▼erities,  the  British  Association,  in  1864^  aj^inted  a  Committee  to  make 
a  complete,  systematic,  and  accurate  exploration  of  the  Cavern,  in  which 
it  was  known  that  very  extensive  portions  remained  entirely  intact.  This 
Committee  commenced  its  labours  on  28th  March,  1865  ;  it  has  been 
reappointed,  year  after  year,  with  sufficient  grants  of  money,  up  to  the 
present  time  ;  the  work  has  gone  on  continuously  throughout  the  entire 
thirteen  years ;  and  the  result  has  been,  not  only  a  complete  confirmation 
of  Mr.  MacEnerT's  statement!^  but  the  discovery  of  far  older  deposits  than 
he  suspected-— deposits  impl}ing  great  changes  of,  at  least,  local  geogra- 
phical conditions ;  changes  in  the  fituna  of  the  district ;  and  yielding 
evidence  of  men  more  ancient  and  far  ruder  than  even  those  who  made 
the  oldest  flint  tools  found  in  Kent's  Hole  prior  to  the  appointment  of  the 
Committee. 

The  Cavern  consists  of  a  series  of  chambers  and  passages,  which  resolve 
themselves  into  two  main  Divisions^  extending  from  nearly  north  to  south 
in  parallel  lines,  but  passing  into  each  other  near  their  extremities,  and 
throwing  off  branches,  occasionally  of  considerable  size. 

The  successive  deposits,  in  descending  order,  were  : — 

Ist,  or  uppermost  Fra^ents'and  blocks  of  limestone  firom  an  ounce 
to  upwards  of  100  tons  weight  each,  which  had  fallen  from  the  roof  from 
time  to  time,  and  were  in  some  instcinces  cemented  with  carbonate  of  lime. 

2nd.  Beneath  and  between  these  blocks  lay  a  dark-coloured  mud  or 
mould,  consisting  largely  of  decayed  leaves  and  other  vegetable  matter.  It 
was  from  three  to  twelve  inches  thick,  and  known  as  the  Black  Mould, 
This  occupied  the  entire  Eastern  Division,  with  the  exception  of  a  small 
chamber  in  its  south-western  end  only,  but  was  not  found  in  the  other,  the 
remoter,  parts  of  the  Cavern.  * 

3rd.  Under  this  was  a  Stalagmitic  Floor,  commonly  of  granular  texture 
and  frequently  laminated,  from  less  than  an  inch  to  fully  live  feet  in  thick- 
ness, and  termed  the  Granular  Stcdaqmite, 

4th.  An  almost  black  layer,  about  four  mches  thick,  composed  mainly  of 
small  fragments  of  charred  wood,  and  distinguished  as  the  Black  Band, 
occupied  an  area  of  about  100  square  feet,  immediately  under  the  Granular 
Stalagmite,  and,  at  the  nearest  point,  not  more  than  32  feet  from  one  of 
the  entrances  to  the  Cavern,    ifothing  of  the  kind  has  occurred  elsewhere. 

5th.  Immediately  imder  the  Graniuar  Stalagmite  and  the  Black  Band 
lay  a  light  red  clay,  containing  usually  about  50  per  cent,  of  small  angular 
fr^lmients  of  limestone,  and  somewhat  numerous  blocks  of  the  same  rock 
as  large  as  those  lying  on  the  Black  Mould.  In  this  deposit,  known  as  the 
Cave-earthy  many  of  the  stones  and  bones  were,  at  all  depths,  invested 
with  thin  stalagmitic  films.  The  Cave-earth  was  of  unknown  depth  near 
the  entrances,  where  its  base  had  never  been  reached  ;  but  in  the  remoter 
parts  of  the  Cavern  it  did  not  usually  exceed  a  foot,  and  in  a  few  localities 
it  "thinned  out"  entirely. 

6th.  Beneath  the  Cave-earth  there  was  usually  found  a  Floor  of  Sta- 
lagmite having  a  crystalline  textiure,  and  termed  on  that  account  the 
Crifstalline  Stalagmite,  It  was  commonly  thicker  than  the  Granular  Floor, 
and  in  one  instance  but  little  short  of  12  feet. 

7th.  Below  the  whole,  occurred,  so  far  as  is  at  present  known,  the  oldest 
of  the  Cavern  deposits.     It  was  composed  of  subangular  and  rounded 

gieces  of  dark  red  grit,  imbedded  in  a  sandy  paste  of  the  same  colour, 
mall  angular  fragments  of  limestone,  and  investing  films  of  stalagmite, 
both  prevalent  in  the  Cave-earth,  were  extremely  rare.  Large  blocks  of 
limestone  were  occasionally  met  with;  and  the  deposit,  to  which  the 
name  of  Breccia  was  given,  was  of  a  depth  exceeding  that  to  which  the 
exploration  has  yet  been  carried. 

Except  in  a  very  few  small  branches,  the  bottom  of  the  Cavern  baa 
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nowhere  been  reached.  In  the  cases  in  which  there  was  no  Caye-etrth, 
the  Oranular  Stalagmite  rested  immediately  on  the  Crystalline;  and 
where  the  CrjstalliDe  Stalagmite  was  not  present,  the  Cave-earth  and 
Breccia  were  in  direct  contact  Large  isolated  masses  of  the  CrystaUine 
Stalagmite,  as  well  as  concreted  lumps  of  the  Breccia,  were  oocasiooiiiy 
met  with  in  the  Cave-earth,  thus  showing  that  the  older  depoaitB  had,  in 
portions  of  the  Cavern,  been  partiallv  broken  up,  dislodged,  and  rode- 
posited.  No  instance  was  met  with  of  the  incorporation  in  a  lower  bed  of 
iragments  derived  from  an  upper  one.  In  short,  wherever  all  the  deposits 
were  found  in  one  and  the  same  vertical  section,  the  order  of  superpositioQ 
was  clear  and  invariable  ;  and  elsewhere  the  succession,  though  defectiTe, 
was  never  transgressed. 

Excepting  the  overlying  blocks  of  limestone,  of  course,  all  the  depoiiis 
contained  remains  of  animals,  which,  however,  were  not  abundant  m  the 
Stalagmites. 

The  Black  Mould,  the  uppermost  bed,  yielded  teeth  and  bones  of  Man, 
Dog,  Fox,  Badger,  Brown  Bear,  Bos  longifroiiSy  Roedeer,  Sheep,  Ooat,  Pig, 
Hare,  Rabbit,  and  Seal — species  still  existing,  and  almost  all  of  them  in 
Devonshire.  This  has  been  called  the  Oviiie  bed,  the  remains  of  Sheep 
being  restricted  to  it.  In  it  were  also  found  numerous  flint  flakes  and 
'*  strike-lights ; "  stone  spindle  whorls  ;  fragments  of  curvilinear  pieces  of 
slate ;  amber  beads ;  bone  tools,  including  awls,  chisels,  and  combs ; 
bronze  articles,  such  as  rings,  a  fibula,  a  spoon,  a  spear-head,  a  socketed 
celt,  and  a  pin  ;  pieces  of  smelted  copper ;  and  a  great  number  and  variety 
of  potsherds,  including  fragments  of  Samian  ware. 

The  Oranular  Stak^mite,  Black  Band,  and  Cave-earth,  taken  together 
aa  belonging  to  one  and  the  same  biological  period,  may  be  termed  the 
Hyosnine  b&s,  the  Cave  Hycena  being  tneir  most  prevalent  species  and 
found  in  them  alone.  So  far  as  they  have  been  iaentified,  the  remaius 
belong  to  the  Cave  Hyoena,  Equus  cabiillus,  Rhinoceros  tic/iorhi'tiv*. 
Gigantic  Irish  Deer,  Bos  primigeniiLS^  Bison  priscus^  Red  Deer,  Mammoth, 
Badger,  Cave  Bear,  Grizzly  Bear,  Brown  liear,  Cave  Lion,  Wolf,  Fi-x, 
Reindeer,  Beaver,  Glutton,  Machairodus  latidens,  and  Man— the  last  l)eing 
a  part  of  a  jaw  with  teetli,  in  the  Granular  Stalagmite.  In  the  Siime  lx*«U 
were  found  unpolished  ovate  and  lanceolate  implements  made  from  Jful'tA 
not  nodiUes,  of  flint  and  chert ;  flint  flakes,  chips,  and  "con>s  :"  "whet- 
stones ; "  a  "  hammer-stone  ; "  "  dead  "  shells  of  Pecten  ;  bits  of  charcoal ; 
and  bone  ioo\^^  including  a  needle  or  bodkin  having  a  well-forme«.l  eve, 
a  pin,  an  awl,  three  harixx)ns,  and  a  i)erforated  tooth  of  Badger,  'fhe 
artificial  objects,  of  both  oone  and  stone,  were  found  at  all  depths  in  each 
of  the  HyaBuiue  beds,  but  were  much  more  numerous  below  the  Stalagmite 
than  in  it. 

The  relics  found  in  the  Crystalline  Stalagmite  and  the  Breccia,  in  some 
places  extremely  abundant,  were  almast  exclusively  those  of  Bear,  the  only 
exceptions  lx?ing  a  very  few  remains  of  Cave  Lion  and  Fox.  Heuce  the^se 
have  been  termed  the  Ursine  beds.  It  will  l^e  remembered  that  teeth  and 
lx)ne8  of  Bear  w^ere  also  met  with  in  both  the  Hyoenine  and  the  Oviue 
beds  ;  and  it  should  be  understood  that  this  biological  cla.ssitication  is 
intended  to  apply  to  Kent's  Cavern  only.  The  Ursine  deposits,  or  rather 
the  Breccia,  the  lowest  of  them,  also  yielded  evidences  of  human  ex- 
istence ;  but  they  were  exclusively  tools  made  from  noiiules,  not  /lakes, 
of  flint  and  chert. 

Ansty's-Cove  Cavern, — About  3  furlongs  from  Kent's  Hole  towards 
N.N.E.,  near  the  top  of  the  lofty  cliff*  forming  the  northern  boundary  of 
the  beautiful  Ansty's  Cove,  Torquay,  there  is  a  cavern  where,  simulta- 
neously v^ntli  those  in  Kent's  Cavern,  Mr.  MacEnery  conducted  some 
researches,  oi"  which  he  has  left  a  brief  account  (see  Trans,  Devon.  Assoc 
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tL  pp.  61-69).  I  liave  visited  it  several  times,  but  it  seems  to  be  firequently 
cept  under  lock  and  key,  as  a  tool  and  powder  house,  by  the  workmen  in 
i  neighbouring  quarry.  It  is  a  simple  gallery,  and,  according  to  Mr. 
Sf  acEnery,  63  feet  long,  from  3  to  9  feet  high,  and  from  3  to  6  feet  broad. 
Beneath  some  angular  stones  he  found  a  stalagmitic  floor  14  inches  thick, 
knd  in  the  deposit  below  remains  of  Deer,  Horse,  Bear,  Fox,  H^sna  (?), 
Ik>prolites,  a  few  marine  and  land  shells^  one  white  flint  tool  with  frag- 
penta  of  others,  a  Roihan  coin,  and  potsherds. 

In  a  letter  to  Sir  W.  C.  Trevelyan,  dated  16th  December,  1826,  Dr. 
Auckland  states  that  Mr.  MacEner^  had  found  in  this  Cave  *'  bones  of  all 
lorts  of  beasts,  and  also  flint  kmves  and  Roman  coins ;  in  short,  an 
>pen-mouthed  cave,  which  has  been  inhabited  by  animals  oi  all  kinds, 
luadruped  and  bipcKl,  in  all  successive  generations,  and  who  have  all  left 
^heir  exuvise  one  upon  another  *'  (ibid.  p.  69). 

Tealm-Bridge  Cavern, — About  the  year  1832  the  workmen  broke  into  a 
x>iie-cavem  in  Tealm-Bridge  quarry,  about  one  mile  from  the  village  of 
^ealmpton,  and  eight  miles  E.S.E.  from  Plymouth ;  and  through  their 
>perations  it  was  so  nearly  destroyed  that  but  a  small  arm  of  it  remained 
n  1835,  when  it  was  visited  by  Mr.  J.  C.  Bellamy,  who  at  once  wrote  an 
uMX>unt  of  it,  from  which  it  appears  that,  so  far  as  he  could  learn,  the 
tavern  was  about  30  feet  below  the  original  limestone  surface,  and  was 
illed  to  within  from  1  foot  to  6  feet  of  the  roof  (see  Nat.  Hist  S.  Devon, 
L839,  pp.  86-105).  In  the  same  year,  but  subsequently,  it  was  examined 
>v  Captain  (afterwards  Colonel)  Mudge,  who  stat^  that  there  were  origiu- 
Jiy  three  openings  into  the  Clave,  each  about  12  feet  above  the  river 
Ifealm ;  that  the  deposits  were,  in  descending  order  : — 

1.  Loam  with  boues  and  stones  3*5  feet. 

2.  Stiff  whitish  clay 2*5    „ 

3.  Sand    6*0    „ 

4  Red  clay 3*5   „ 

5.  Argillaceous  sand 6  to  18*0   „ 

%nd  that,  where  they  did  not  reach  the  roof,  the  deposits  were  covered  with 
stalagmite. 

On  the  authority  of  Mr.  Clift  and  Professor  Owen,  Captain  Mudge 
mentions  relics  of  Elephant,  Rhinoceros,  Horse,  Ox,  Sheep,  Hyeena,  Dog, 
Wdf,  Fox,  Bear,  Hare,  and  Water- Vole.  The  bones,  and  especially  the 
teeth,  of  the  Hyeena  exceeded  in  number  those  of  all  the  other  animals, 
though  remains  of  Horse  and  Ox  were  very  abundant.  Mr.  Bellamy, 
whilst  also  mentioning  all  the  foregoing  forms,  with  the  exception  of  Dog 
only,  adds,  Deer,  Pig,  Glutton,  WeaseX  and  Mouse.  He  also  speaks  of 
the  abundance  of  bones  and  teeth  of  Hyeena,  but  seems  to  regard  the  Fox 
as  beine  almost  as  fully  represented ;  and  next  in  order  he  places  Horse, 
Deer,  Sheep,  and  Rabbit  or  Hare ;  whilst  the  relics  of  Elephant,  Wolf, 
Bear,  Pig,  and  Glutton  are  spoken  of  as  very  rare.  The  bones,  he  says, 
were  found  in  the  uppermost  bed  only.  They  were  frequently  mere  frag- 
ments and  splinters,  some  being  undoubtedly  gnawed,  and  all  had  become 
very  adherent  through  loss  of  their  animal  matter.  Those  of  cylindrical 
form  were  without  their  extremities  ;  there  was  no  approach  to  anatomical 
juxtaposition  ;  and  the  remains  belonged  to  individuals  of  all  ages.  Reli- 
quiae of  Carnivorous  animals  greatly  exceeded  those  of  the  Herbivora,  and 
teeth  were  very  abundant  Coprohtes  occurred  at  some  depth  below  the 
stalagmite,  in  the  upper  bed,  which  also  contained  granitic  and  tranpean 
pebbles,  and  lumps  of  breccia  made  up  of  fragments  of  rock,  bones,  peDbles, 
and  stalagmite.  The  bones  found  prior  to  1835  had  been  removed  as 
rubbiBh,  and  some  good  specimens  were  recovered  from  materials  employed 
in  making  a  pathway.  Nothing  indicating  the  presence  of  man  appears  to 
have  been  found. 
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Tk€  Atk-SoU. — On  the  soatheni  flhon  of  Toi^qr,  niidiPi/  Mwwitt» 
town  of  Brizham  and  Bony  Head,  and  about  half  a  mile  from  eaehi  tkn 
ia  a  caTom  known  aa  tiie  A^HoU,  It  waa  partially  ei^loTOd,  ]nbt^7 
aUbut^  or  aoon  alter,  the  time  Mr.  MacEnery  waa  engaged  m  KeBt^Hofe, 
by  the  late  Ber.  H.  F.  Lyte^  who^  onfbrtnnately,  does  not  •PfMr  te  km 
left  any  aocouut  of  the  resolta.  The  eariieat  mentioo  of  taia  Gann  I 
have  been  aide  to  find  ia  a  very  brief  one  in  Bellamy's  'Natnnd  Hktoij  of 
South  Devon,'  publiahed  in  1839  (p.  14).  During  tha  PlymOTfii  MnliBg 
in  1841,  Mr.  Georae  Bartlett,  a  native  of  Brixham,  who  aaaaated  Ifr.  Lfta 
deacribed  to  thia  Section  the  objects  of  intereet  the  Aah-H<da  had  yitftw 
(see  Beport  Brit  Aaaoo.  1841,  Irana.  Sections,  p.  61).  So  flu-  aa  waalhao 
known,  the  Gave  was  30  yards  long  and  6  yania  broad.  Below  a  leeont 
accumulation,  4  foet  deep^  of  kam  and  earth,  with  land  and  maiina  Aifli» 
bones  of  the  domestic  fowl  and  of  Man,  pottery,  and  varione  "■■r^— '— **! 
lay  a  true  Cave-earth,  abounding  in  the  ramaina  of  Elephant  n«iMor 
Owen,  who  identified,  from  thia  lower  bed,  lelioB  of  Baci^ger,  Folaea^  fittott 
Water-vde^  Babbit,  and  Beindeer,  remaxka,  that  lor  the  firat  good  eridtnoe 
of  the  Beindeer  in  this  island  he  had  been  indebted  to  Mr.  Bertlett  who 
stated  that  the  remains  were  found  in  this  Cavern  (see  ^t  Fobbl  MaoL 
1846,  pp.  109^110,  lia-114,  116,  204,  812,  479-480).  I  have  nvde 
numerous  visits  to  the  spot,  which,  when  Mr.  Lyte  begsn  his  diggiDgit 
must  have  been  a  ahaft-like  fissure,  accessible  from  the  tc^  only.  Amenl 
openinf^,  however,  haa  been  quarried  into  it ;  there  is  a  narrow  toimel 
extending  weetward,  in  which  the  deposit  is  covered  with  a  tiddc  ahest  of 
stalagmite,  and  wheve  one  ia  tempted  to  believe  that  a  fiaiw  we^a"  Uboor 
might  be  well  invested. 

Brixham  Cavern, — ^Early  in  1868  an  unsumoted  Cavern  waa  hvolDW 
into  by  quarrymen  at  the  north-western  angle  oi  Windmill  Hill  at  Brixham, 
at  a  point  75  feet  above  the  surface  of  the  street  almost  vertically  below, 
and  100  feet  above  mean  tide.  On  being  found  to  contain  bones,  a  lease 
in  it  was  secured  for  the  Geological  Society  of  London,  who  appointed  a 
Committee  of  their  members  to  undertake  its  exploration ;  ^uds  were 
voted  by  the  Royal  Society,  and  supplemented  by  private  subscriptiooii ; 
the  conduct  of  the  investigation  was  entrusted  to  Mr.  Prestwich  and  my- 
self ;  and  the  work,  under  my  superintendence,  as  the  only  resident 
member  of  the  Committee,  was  begun  in  July  1858,  and  completed  at 
midsiunmer  1859. 

The  Cavern,  comprised  within  a  space  of  135  feet  from  north  to  south, 
and  100  from  east  to  west,  consisted  of  a  series  of  tunnel  galleries  from  6 
to  8  feet  in  greatest  width,  and  10  to  14  feet  in  height,  with  two  small 
chambers  and  five  external  entrances. 

The  deposits,  in  descending  order,  were  : — 

1st,  or  uppermost  A  Floor  of  Stalagmite,  from  a  few  inches  to  a  foot 
thick,  and  continuous  over  very  considerable  areas,  but  not  throughout 
the  entire  Cavern. 

2nd.  A  mass  of  small  angular  fragments  of  limestone,  cemented  into  a 
firm  concrete  with  carbonate  of  lime,  commenced  at  the  principal  entrance, 
which  it  coxnpletely  filled,  and  whence  it  extended  34  feet  coily.  It  was 
termed  the  First  Bed, 

3rd.  A  layer  of  blackish  matter,  about  12  feet  long,  and  nowhere  more 
than  a  foot  thick,  occurred  immediately  beneath  the  First  Bed,  and  was 
desimiated  the  Second  Bed, 

4tL  A  red,  tenacious,  clayey  loam,  containing  a  large  number  of  angular 
and  subangular  fragments  of  limestone,  varying  from  very  small  bits  to 
blocks  a  ton  in  weight,  made  up  the  Third  Bed,  Pebbles  of  trap,  quartz, 
and  limestone  were  somewhat  prevalent,  whilst  nodtdes  of  brown  nematite 
of  iron  and  blocks  of  stalagmite  were  occasionally  met  with  in  it.    The 


Section  C. — Address  by  Mr.  W.  Pengelly^  President.       427 

usual  depth  of  the  bed  was  from  2  to  4  feet,  but  this  was  exceeded  bj  4  or 
5  feet  in  two  localities. 

6th.  The  Third  Bed  laj  immediately  on  an  accmnnlation  of  pebbles  of 

auartz,  jmenstone,  grit,  and  limestone,  mixed  with  small  fragments  of 
bale.  The  depth  of  this,  known  as  the  Fourth  or  Chravel  Bed^  was  unde- 
termined ;  for,  excepting  a  few  feet  onlj,  the  limestone  bottom  was  nowhere 
reached.  There  is  abundant  eyidence  that  this  bed,  as  well  as  a  stalag- 
xnitic  floor  which  had  covered  it,  had  been  partially  broken  up  and  dislodged 
before  the  introduction  of  the  Third  Bed. 

Organic  remains  were  found  in  the  Stalagraitic  Floor  and  in  each  of  the 
beds  beneath  it,  with  the  exception  of  the  Second  only ;  but  as  95  per 
cent,  of  the  whole  series  occurred  in  the  Third,  this  was  not  unfrequently 
termed  the  Bone  Bed, 

The  Mammals  represented  in  the  Stalagmite  were  Bear,  Beindeer, 
Rhinoceros  tichorhiniu,  Mammoth,  and  Cave  Lion. 

The  First  Bed  yielded  Bear  and  Fox  only. 

In  the  Third  Bed  were  found  relics  of  Mammoth,  Rhinoceros  tichorhinus, 
Horse,  Bos  primigenius^  B,  hngifronSy  Red  Deer,  Reindeer,  Roebuck,  Cave 
Lion,  Cave  Hy»na,  Cave  Befu*,  Grizzly  Bear,  Brown  Bear,  Fox,  Hare, 
Rabbit,  Lagomys  spelceus.  Waters  Vole,  Shrew,  Polecat,  and  WeaseL 

The  only  remains  met  with  in  the  Fourth  Bed  were  those  of  Bear,  Horse, 
Ox,  and  Mammoth. 

The  Human  Industrial  Remains  exhimied  in  the  Cavern  were  flint  im- 
l^ments  and  a  hammer-stone,  and  occurred  in  the  Third  and  Fourth 
l^eds  only.  The  pieces  of  flint  met  with  were  86  in  number.  Of  these, 
1 5  are  held  to  show  evidence  of  having  been  artificially  worked,  in  9  the 
workmanship  is  rude  er  doubtful,  4  have  been  mislaid,  and  the  remainder 
are  believed  not  to  have  been  worked  at  all  (see  Phil.  Trans.  voL  163, 1?^73, 
pp.  561,  662).  Of  the  undoubted  tools,  11  were  found  in  the  Third  and  4 
m  the  Fourth  Bed.  Two  of  those  yielded  by  the  Third  Bed,  found  40  feet 
apart,  in  two  distinct  but  adjacent  galleries,  and  one  a  month  before  the 
other,  proved  to  be  parts  of  one  and  the  same  nodtde-UxA ;  and  I  have 
little  or  no  doubt  that  it  had  been  washed  out  of  the  Fourth  Bed  and  re- 
deposited  in  the  Third. 

The  Hammer-Stone  was  a  quartzite  pebble,  found  in  the  upper  portion  of 
the  Foiurth  Bed,  and  bare  distinct  marks  of  the  use  to  which  it  was  applied. 

Speaking  of  the  discovery  of  the  tools  just  mentioned,  Mr.  Prestwich 
saia  in  1859  :— "It  was  not  until  I  had  myself  witnessed  the  conditions 
under  which  flint  implements  had  been  found  at  Brixham,  that  I  became 
fiilly  impressed  with  the  validity  ©f  the  doubts  thrown  upon  the  previously 
prevailing  opinions  with  respect  to  such  remains  in  ca^i«es  "  (Phil.  Trans. 
1860,  p  280) ;  and  according  to  Sir  C.  Lyell,  writing  in  1863:— "A  sudden 
change  of  opinion  was  brought  about  in  Enjgland  respecting  the  probable 
coexistence,  at  a  former  period,  of  man  ana  many  extinct  mammalia,  in 
•  consec[uence  of  the  results  obtained  from  the  careml  exploration  of  a  Cave 
at  Bnxham.  ....  The  new  views  very  generally  adopted  by  English 

fsologists  had  no  small  influence  on  the  subsequent  progress  of  opinion  in 
ranee"  (Antiquity  of  Man,  pp.  96,  97). 

Bench  Cavern, — ^Early  in  1861  information  was  brought  me  that  an  ossi- 
ferous cave  had  just  been  discovered  at  Brixham^  and,  on  visiting  the  spot, 
I  found  that,  of  the  limestone  quairips  worked  from  time  to  time  in  the 
northern  slope  of  Furzeham  Hill,  one  known  as  Bench  Quarry,  about  half 
a  mile  due  north  of  Windmill  HUl  Cavern,  and  almost  overhanging  Tor- 
ba^,had  been  abandoned  in  1839,  and  that  work  had  been  recently  resumed 
in  it.  It  appeared  that  in  1839  the  workmen  had  laid  bare  the  greater 
part  of  a  vertical  dyke,  composed  of  red  clayey  loam  and  angular  pieces  of 
Hmestone,  forming  a  coherent  wall-like  mass,  27  feet  high^  12  feet  Iqi^^^ 
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S  feet  m  greatest  thioknees,  and  at  its  base  128  feet  above  searleveL  In 
the  iaoe  of  it  lay  several  fine  relics  of  the  ordinary  Gave  Manratl^.  indod- 
ing  an  entire  left  lower  jaw  of  Hwna  spelaa  repfete  with  teeth,  hat  whicfa 
hs^  nevertheless  fidled  to  arrest  the  attention  of  the  inGurioas  wotknai 
who  exposed  it,  or  of  any  one  else. 

Soon  after  the  resumption  of  the  woik  in  1861,  the  remnant  of  the  outer 
wall  of  the  fissure  was  removed,  and  caused  the  fiill  of  an  inooherent  put 
of  the  dyke,  which  it  had  previously  supported.  Amongst  the  dSkm  thB 
workmen  collected  some  hundreds  of  specimens  of  skulls^  j*va^  teeth, 
vertebne,  portions  of  antlers,  and  bones,  out  no  indicationB  of  Man.  Mr. 
Wolston,  the  proprietor,  sent  some  of  the  choicest  specimens  to  tfas 
British  Museum,  and  submitted  the  remainder  to  Mr.  Avahfbrd  Sanfoid, 
F  G.S.,  from  whom  I  leam  that  the  principal  portion  of  them  are  relics  of 
the  Cave  Hysona,  firom  the  unborn  whelp  to  very  aged  animalSi  With 
them,  however,  were  remains  of  Bear,  Remdeer,  Ox,  Haro,  Arvieoia  rair 
ticq^  A,  agretiu^  Wolf,  Fox,  and  |)art  of  a  single  maxillary  with  teeth  not 
distinguishable-  from  those  of  Cawif  ucUis,  To  this  list  I  may  add  Bhino- 
oeros,  of  which  Mr.  Wolston  showed  me  at  least  one  bone. 

From  the  foregoing  undesirably,  but  unavoidably,  brief  descriptionfl,  it 
will  be  seen  that  the  Devonshire  Caverns,  to  whi<di  attention  has  beoi 
now  directed,  belong  to  two  classes^ — ^those  of  Oreston,  the  Ash-Hole,  and 
Bench  being  Fisture  Cave$;  whilst  those  of  Yealm  Bridge,  Windmill  Hill 
at  Brixham,  Kent's  Hole,  and  Ansty's  Cove  are  Twmd  Cavu, 

Windmill  Hill  and  Kent's  Hole  Caverns  have  alone  been  satisfactorily 
explored ;  and  besides  them  none  have  yielded  evidence  of  the  contem- 
poraneity of  Man  with  the  extinct  Cave  Mammals! 

Oreston  is  distinguished  as  the  only  known  BriUsh  Cavern  which  has 
yielded  remains  of  Rhinoceros  lepiorkinus  (Q.  Joum.  QeoL  Soc^xxvL  p.  450). 

Yealm  Bridge  Cavern,  if  we  may  accept  Mr.  Bellamy's  identification 
in  1835,  was  the  first  in  this  country  in  which  relics  of  Glutton  were 
found  (South  Devon  Monthly  Museum,  vi.  pp.  218-223 ;  see  also  Nat. 
Hist.  S  Devon,  1839,  p.  89).  The  same  species  was  found  in  the  Caves 
of  Somerset  and  Glamorgan,  in  1865  (Pleist.  Mam.,  Pal.  Soc.  pp.  xxi,  xiii\ 
in  Kent's  Hole  in  1869  (Rep.  Brit  Assoc.  1869,  p.  207),  and  near  Plas 
Heaton,  in  North  Wales.  1870  (Quart  Joum.  Geol.  Soc.  ixvii.  p.  407). 

Kent's  Hole  is  the  only  known  British  Cave  which  has  afiforued  remains 
of  Beaver  (Rep.  Brit.  Aissoc.  1869,  p.  208),  and,  up  to  the  present  year, 
the  only  one  in  which  the  remains  of  Mackairodus  latidens  had  been  met 
with.  Indeed,  Mr.  MacEnery*s  statement,  that  he  found  in  1826  five 
canines  and  one  incisor  of  this  species  in  the  famous  Torquay  Cavern,  was 
held  by  many  paleontologists  to  be  so  very  remarkable  as,  at  least,  to 
approach  the  incredible,  until  the  Committee  now  engaged  in  the  ex- 
ploration exhumed,  in  1872,  an  incisor  of  the  same  species,  and  thereby 
confirmed  the  announcement  made  by  their  distinguished  predecessor 
nearly  half  a  centurv  before  (Rep.  Brit  Assoc.  1872,  p.  46).  In  April  last 
(1877)  the  Rev.  J.  M.  Mello  was  able  to  inform  the  Geological  Society  of 
London  that  Derbyshire  had  shared  with  Devon  the  honour  of  having 
been  a  home  of  Mackairodus  latidens^  he  having  found  its  canine  tooth  iu 
Robin  Hood  Cave  in  that  county,  and  that  there,  as  in  Kent's  Hole,  it  was 
commingled  with  remains  of  the  Cave  Hysena  and  his  contemporariea 
(Abs.  Proc.  GeoL  Soc.  No.  334,  pp.  3,  4). 

The  Ash  Hole,  as  we  have  already  seen,  affords  the  firstgood  evidence  of 
a  British  Reindeer. 

In  looking  at  the  published  Beports  on  the  two  famous  Torbay  Caverns, 
it  will  be  found  that  they  have  certain  points  of  resemblance  as  well  as 
tome  of  dissimilaritv  : — 

The  lowest  known  bed  in  each  is  composed  of  materials  which, 
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cvhilst  thej  differ  in  the  two  cases,  agree  in  being  sach  as  may  have  been 
furnished  by  the  districts  adjacent  to  the  Cavem-hiUs  respectivelj,  but 
not  by  the  nills  themselves,  and  must  have  been  depositea  prior  to  the 
existing  local  geographical  conditions.  In  each,  this  bed  contained  flint 
implements  and  relics  of  Bear,  but  in  neither  of  them  those  of  Hy»na. 
In  short,  the  Fourth  Bed  of  Windmill  Hill  Cavern,  Brixham,  and  the 
Breccia  of  Kent's  Hole,  Torquay,  are  coeval,  and  belong  to  what  I  have 
called  the  Ursine  period  of  the  latter. 

2nd.  The  beds  just  mentioned  were  in  each  Cavern  sealed  with  a  sheet 
of  stalagmite,  which  was  partially  broken  up,  and  considerable  portions  of 
the  subjacent  beds  were  (uslodged  before  the  introduction  of  the  beds  next 
deposited. 

3rd.  The  Great  Bone  Bed,  both  at  Brixham  and  Torquay,  consisted  of 
red  clayey  loam,  with  a  large  per-centage  of  angular  fragments  of  lime- 
stone ;  and  contained  flake  implements  of  flint  and  chert,  inosculating 
with  remains  of  Mammoth,  the  tichorhine  Rhinoceros,  and  Hyaena.  In 
fine,  the  Cave-earth  of  Kent's  Hole  and  the  Third  Bed  of  Brixham  Cavern 
correspond  in  their  materials,  in  their  osseous  contents,  and  in  their  flint 
tools.  They  both  belong  to  what  I  have  named  the  Hycenine  period  of  the 
Torquay  Cave. 

But,  as  already  stated,  there  are  points  in  which  the  two  Caverns 
differ : — 

1st.  Whilst  Kent's  Hole  was  the  home  of  Man,  as  well  as  of  the  con- 
temporary Hysna  during  the  absences  of  the  human  occupant,  there  is  no 
reason  to  suppose  that  either  Man  or  any  of  the  lower  animals  ever  did 
more  than  make  occasional  visits  to  Brixham  Cave.  The  latter  contained 
no  flint  chips,  no  bone  tools,  no  utilized  Pcc^en-shells,  no  bits  of  charcoal, 
and  no  coprolites  of  Hyeena,  all  of  which  occurred  in  the  Cave-earth  of 
Kent's  Hole. 

2nd.  In  the  Torquay  Cave  relics  of  Hyaana  were  much  more  abundant 
in  the  Cave-earth  than  those  of  any  other  species.  Taking  the  teeth 
alone,  of  which  vast  numbers  were  found,  those  of  the  Hyeena  amounted 
to  about  30  per  cent,  of  the  entire  series,  notwithstanding  the  fact  that,  com- 
pared with  most  of  the  Cave-mammals,  his  jaws,  when  furnished  completely, 
possess  but  few  teeth.  At  Brixham,  on  the  other  hand,  his  relics  of  all 
kinds  amounted  to  no  more  than  8*5  per  cent,  of  all  the  osseous  remains, 
whilst  those  of  the  Bear  rose  to  53  per  cent. 

3rd.  The  entrances  of  Brixham  Cavern  were  completelv  filled  up  and  its 
history  suspended  not  later  than  the  end  of  the  Palseolithic  era.  rJothing 
occiurred  within  it  from  the  days  when  Devonshire  was  occupied  by  the 
Cave  and  Grizzly  Bears,  Reindeer,  Rhinoceros,  Cave  Lion,  Mammoth,  and 
Man,  whose  best  tools  were  unpolished  flints,  until  the  quarrymen  broke 
into  it  early  in  a.d.  1851.  Kent's  Cavern,  on  the  contrary,  seems  to  have 
never  been  closed,  never  unvisited  by  Man,  from  the  earliest  Palaeolithic 
times  to  our  own,  with  the  possible  exception  of  the  Neolithic  era,  of 
which  it  cannot  be  said  to  have  yielded  any  certain  evidence. 

Though  my  History  of  Cavern  Exploration  in  Devonshire  is  now  com- 
pleted, 80  far  as  the  time  at  my  disposal  will  -allow,  and  so  far  as  the 
materials  are  at  present  ripe  for  the  historian,  I  venture  to  ask  your 
further  indulgence  for  a  few  brief  moments  whilst  passing  from  the  region 
of  Fact  to  that  of  Inference. 

That  the  Kent's-Hole  men  of  the  Hysenine  period — to  say  nothing  at 
present  of  their  predecessors  of  the  Breccia — belonged  to  the  Pleistocene 
times  of  the  Biologist,  is  seen  in  the  fact  that  they  were  contem}X)rary 
with  Mammals  peculiar  to,  and  characteristic  of,  those  times.  This 
contemporaneity  proves  them  to  have  belonged  to  the  PaUeolithic  era  of 
Britain  and  Wesl^m  Europe  generally,  as  (fefined  by  the  Aichdsy^VcysQs^\ 
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jmil  this  is  fully  coniiraied  \>j  their  uniiolishvd  tools  of  flint  And  efallBhJ 
That  thej  were  prior  to  the  deposition  of  ev«u  the  oldeat  put  of  Um  P«l 
Boea  of  Denmark,  with  their  uuoouaaiye  Wen  of  Bavvh.  PedonoulaM 
Oiik,  Sesaile  Onk,  and  Swtch  Fir,  we  learu  from  Uie  fACio  thfit  ctm)  Uw 
lowest  zone  of  the  bogs  haa  pelded  no  bonea  of  uaiDiiuls  but  thaee  uf 
recent  Bpecios,  anil  no  tocis  but  thoac  of  A'eolUAie  type ;  whilst  e»eo  the 
Granulfu-  StoJaginite,  the  uppermost  of  the  HyEmine  lieJs  in  Eeut's  Holf^ 
hna  afforded  rehca  of  Mammoth,  Rhinoeerot  lie/iorkinu*,  Ca*»  Baa,  Kid 
Cave  Hynna, 

That  the  men  of  the  Cvre  Breccia,  or  Ursine  period,  to  whom  ne  now 
turn,  were  of  still  higher  antiquity,  is  ofavioua  ttom  ike  geologicid  pOHtioa 
of  their  induatrinJ  remains.  That  the  two  races  of  Troglodytes  vrt*e 
separated  hy  a  wide  internal  of  lime  we  leam  from  the  Cry^aJline  Sbilag- 
mit«,  scimi'tiDieB  IS  feet  thick,  laid  down  after  tJie  depoaition  of  tM 
Bret^cia  hiid  ceased,  and  before  the  intrMluctiim  of  the  Cave-earth  W 
lieguu,  !M  well  aa  frooi  the  eDtire  change  in  the  EoaterialB  compoaiDg  tfao 
two  deposits.  But,  perhaps,  the  fMt  which  most  emphaticollT  indicatat 
the  clironological  value  of  this  intcrviU  is  the  diSerence  in  the  faunae,  in 
the  Cftve-eiiirth.  as  already  elAte*!,  the  remaioB  of  the  Hyena  greatly 
exceed  in  number  thoHe  of  any  other  manimal ;  and  it  may  btt  added  thiit 
he  is  also  disclosed  by  almost  evorj  relic  of  his  oontampor^ea — their 
jtLwa  have,  through  his  agency,  lont  their  eondvlea  and  lower  harden; 
their  bone^  are  fractured  mer  a  fadiion  known  by  esperimsitt  to  be  hiii ; 
and  the  splinters  into  whioh  they  are  lankeu  are  de^y  aoored  witii  hii 
teeth-markB.  His  presence  is  also  attested  by  the  aixiodaiice  of  h» 
dropjiiugs  in  every  branch  of  the  Cavern.  In  short,  Kent's  Hole  was  om 
of  his  /imaet;  he  dragged  thither,  piecemeal,  such  animals  ae  he  found 
dead  near  it ;  and  the  well-known  habite  of  his  repreasntativee  of  our  day 
have  led  us  to  expect  all  this  &om  him.  Wlieu,  however,  we  turn  to  the 
Breccia,  a  very  different  spectacle  awaits  us.  We  meet  with  uo  tiace 
whatever  of  his  preaence,  not  a  single  relic  of  his  skeleton,  nut  a  bone  oa 
which  he  bos  oiierated.  not  a  (:uurulit«  to  mark  as  much  aa  a  viaiL    Con 
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both,  under  the  words  "  Iron  "  and  '^  Beech,"  is  intended  to  suggest  that 
the  **  Iron  Age  "  of  Western  £urope  and  the  '*  Beech  "  zone  of  the  Danish 
"Boffi  takes  us  back  about  equally  far  into  antiquity ;  whilst  the  position  of 
the  line  under  the  word  *'  Bronze,"  indicates  tnat  the  "  Bronze  A^  "  (still 
of  Western  Europe)  takes  us  back  from  the  ancient  margin  of  the  Beech 
era,  through  the  whole  of  that  of  the  Pedunculated  Oak,  and  about  halfw^ay 
through  the  era  of  the  Sessile  Oak ;  and  so  on  in  all  other  cases. 
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THE  CYCADACKaS  IN  THE  "DAMUDA  SERIES,"  AND  THENURSCHAN 

GAS-COAL  OF  BOHEMIA. 

Sib, — I  wish  to  send  a  few  lines  of  explanation  in  reply  to  two 
letters  which  appeared  in  your  Journal  for  April  (pp.  189-191)  last, 
which  are  intended  to  modify  somewhat  two  statements  in  my  papers 
previously  published  in  the  Geological  Magazine  (March  Number, 
p.  10«^).  With  regard  to  the  occurrence  of  CycadaceoB  in  our  Damiida 
series  (and  the  Triassic  facies  of  that  series),  the  fact  will  be  best 
established  when  I  am  enabled  to  publish  the  descriptions  of  all  tlie 
fossils  in  a  connected  work  with  figures  of  all  the  forms.  It  will 
then  be  seen  that  so  long  ago  as  1850  a  true  Zamia  had  been  de- 
scribed from  Burdwan  as  Zamia  BurdwanensiSf  M'Clell.  (which,  as 
the  original  shows,  is  a  Pterophyllum),  The  others  have  been  sub- 
sequently found,  although  not  examined  at  the  time. 

I  wish  to  state  that  our  NOggeraihia,  from  the  Damuda  series,  does 


4^'-' 
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nut  nj^-ce  willi  llic  gcmis  as  defined  by  Sohimper,  Weiss,  and,  mon 
eceiilly.  liy  I'rul'.  '  i,  Heer;  I  have  allowed  the  name  to  stand  u 
,  i[i!iller  lif  eiiiiveriiL-nce.     Our  Nuijgerathia  is  more  allied  to  Zanie 
ban  til  liny  ullier  ^eiius. 
My    titatemeiit    that    tbe    NiirBchan    Gas-coal    of    Bohemia  wu 

considered  by  Dr.  Anton  Fritach  to  be  a  passage-bed,  I  am  ratter 


astonished  to 
.  Ai.ril,  ] 


>;,i)yri;., 


denied  by  the  "  QuoBtioner  Himaelf"  (aoe.Gsoi- 
11)1).  I  was  of  course  not  present  ia  Glasgow  at  lli« 
II?  British  Association,  but  in  the  report  givea  in 
L'lst  Sept.,  1876,  p.  457,  is  the  following  passage:— 
liodoiit  HemaioB  from  tbe  Upper  Carboniferous  (Gas- 
liji.  iJy  Dr-  Ant  Fritscb. — Tbe  Gas-coals  of  Bobemii 
illy  licli  in  remains  of  Labyrintbodonls,  fishes,  and  insects. 
Tliuy  lie  ■  near  the  lop  of  the  Coal-measures '  and  '  are  regarded  bj 
Dr.  Antun  Fritsch  as  passage-beds,  the  Fauna  being  of  PermUn  and 
the  jilimtB  of  Ciirbnniferous  types.'  "  I  think  the  reporter  must  haw 
foniied,  or  be  would  certainly  not  have  written  so 

■t  sn  titatcd,  it  is  no  proof  against  tbeir  being  con- 

1  y  1 1  u:  as  they  do,  near  the  top  of  the  Coal-measnies. 

1 1"  Permian  series  isBofficiently  eetablisfaed  on 

as  clearly  stated  by  Prof  Krejci's  admirable 

.    II  ■  y  niliae  (March,  1877,  p.  105). 

I>n.  Ottorar  Fribtmastbl, 

riilitnut^li.i,-ist,  Gedogicai  Survey  of  Indis. 

ri  of  tlif  .iliovB  letter  bas,  we  regret  to  say,  been 
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■eu-t!y  i, 
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I. — Jb  Han  Tebtiabt?     The  Antiquity  of  Man  in  the  Eoman 

GOUNTBT  IN  BSLATION  TO  THE  GeOLOOY  OF  THE  YaLLSY  OF 
THE  TiBSB. 

By  Prof.  Rap.  D.  P.  Mantoyaxi  ; 
of  the  Royal  Lyoeom  College,  Rome. 

THE  soil  of  the  Boman  country,  so  interesting  to  the  archsBologist 
for  the  splendid  remains  it  has  yielded  of  Sie  Koman  age,  is  no 
leas  rich  in  relics  which  shed  light  on  the  history  of  primitive  man. 
Although  researches  of  this  kind  hegan  here  only  ten  years  ago, 
the  results  obtained  up  to  this  date  have  been  highly  satisfactory. 
These  anthropological  investigations  have  been  executed  with  great 
oare  by  many  independent  investigators,  among  whom  .may  be 
mentioned  Ponzi,  Ceselli,  Bleicher,  De  Yerneuil,  and  also  the  author 
of  this  communication,  who  have  collected  a  great  many  specimens, 
and  accumulated  numerous  observations  relative  to  primitive  Man. 

To  give  a  clear  and  accurate  notion  of  the  succession  of  pre- 
historic events  in  the  Roman  country,  I  think  it  will  be  useful  to  lay 
before  my  readers  a  brief  general  account  of  the  geological  formation 
of  the  Valley  of  the  Tiber. 

At  the  close  of  the  elevation  of  the  Tertiary  strata,  forming  the 
great  plain  of  the  Roman  country  stretching  from  the  foot  of  the 
Apennines  to  the  shores  of  the  Mediterranean,  the  ice  and  snow 
aoonmnlated  during  the  Glacial  period  b^an  to  melt,  producing  an 
immense  quantity  of  water,  which,  running  down  to  rejoin  the  sea, 
eanaed  a  considerable  erosion  of  the  plain  above  mentioned,  and  ex- 
cavated the  Valley  of  the  Tiber,  leaving  the  alluvial  deposits  upon 
the  sides  of  the  Pliocene  hills.  The  direction  of  the  channel  was 
&oilitated  by  a  &ult,  the  effect  of  a  violent  earthquake  at  the  close 
of  the  Pliocene  period.     (See  the  annexed  Diagram,  p.  434). 

Thus  the  geological  structure  of  the  hills  has  actually  initiated  this 
primitive  valley.  The  hills  are  chiefly  formed  by  strata  of  Pliocene 
age,  flanked  by  alluvial  deposits  of  the  Pleistocene  period.  The 
Pliooene  formation  is  represented  by  blue  marl,  overlain  by  thick 
beds  of  yellow  sand  and  gravel,  very  rich  in  fossil  shells,  correspond- 
ing to  the  English  crag.  The  JPliocene  beds  are  everywhere  cov^r^ 
sscADB  n. — Toi*  jy.— wo.  X.  *IA 


Prof.  Mmtotani—Is  Man  Thiiari/ 1 


J   V-S,\,-M 

-X 

iilli 

^ 

^ 

"1  \ "F 

\N 

oS 

« 

8      stt,"  ■  ■• 

1 

.2H 

1 

^ 

i  1    « 

o 

l^*^^ 

1  5  f  ■  ^» 

kI  ™1Na 

lti  n 

d 

sl)W'-\ 

1 
[I, 

o. 

H 

1 

i 

'u  -« 

Trof.  Mantovani — Is  Man  Tertiary  ? 


435 


by  superposed  beds  of  volcanio  tiiif.  the  last  and  most  extensive 
marine  deposit  of  that  period  in  the  Boman  country.  This  volcanio 
kuff  was  ejected  from  the  volcano  of  Sabatini,  actually  represented 
by  the  group  of  mountains  which  now  form  the  basin  of  Lake  Brac- 
siano.  The  Pleistocene  strata  are  for  the  most  part  of  mechanical 
origin,  and  in  a  less  degree  of  a  chemical  nature.  They  result  from 
the  superposition  of  irregular  beds  of  gravel,  sand,  and  freshwater 
oiarly  containing  pebbles  of  various  sizes,  derived  from  the  detritus 
brought  down  from  the  Apennines.  Limestone  and  poUerome  silex 
Eire  most  abundant,  but  a  great  quantity  of  broken  crystals  of 
volcanic  minerals,  as  augite,  leucite,  olivine,  etc.,  are  mixed  with  and 
Dompose  the  gravel  and  sand.  • 

This  volcanic  debris  has  been  derived  from  the  decomposition  and 
erosion  of  the  tuffs,  or  from  the  Latial  Yolcanos,  whose  eruptions 
were  contemporaneous  with  the  formation  of  the  valley  of  the  Tiber. 

The  chemical  deposits  are  only  seen  in  the  broader  expanses  of 
the  valley,  and  result  in  the  deposition  of  vast  beds  of  travertin,  a 
freshwater  limestone  of  very  uniform  texture,  and  largely  used  in 
ancient  and  modern  buildings. 

The  earliest  traces  of  primitive  man  consist  of  angular  fragments 
of  silex  evidently  artificially  worked.  This  silex  is  usually  met 
with  in  the  form  of  flint-flakes  or  knives,  spear  or  arrow-heads,  and 
celts  or  hatchets.  These  weapons  are  always  chipped  out  roughly, 
their  surfaces  are  never  smoothed  or  polished,  consequently  they  sure 
referable  to  the  PalaBolithic  or  Archeeolithic  era  of  prehistoric  man. 

In  the  same  river- valley  gravel,  commingled  with  the  worked 
flints,  are  frequently  found  the  bones  of  fossil  Mammalia;  of 
these  relics  of  the  extinct  fauna  of  the  Roman  oountiy,  the  most 
abundant  are : 


Bos  primigenitu,  Boj. 
JiUphaa  primiffenius,  Blum. 

nteridionaliif  Nesti. 

antiquuty  Falc. 

Others  less  common  are : 

Hyana  apelaa,  Goldf. 
Castor  Europteun^  Owen. 
Ur9u»  spelauSf  Blum. 


Cervus  elaphuSy  Linn. 
Hippopotamus  major^  Nesti. 
jRhinocerot  tiehorhinuSf  Cuv. 
Sum  serofUf  Linn. 


Cervus  {dama)  Romana^  Ponsi. 
Bo»  latijrofit^  Cus. 


'  The  latest  researches  of  this  kind  have  disclosed  a  fact  of  the 
highest  importance,  namely,  that  flint  implements  have  been  dis- 
covered in  the  gravel  forming  the  upper  portion  of  the  Pliocene 
deposits  (see  Diagram,  Bed  C).  I  have  collected  some  of  these 
flint  implements  myself  oi>  the  Pliocene  hills  of  Janiculus  and 
the  Vatican ;  but  I  must  sincerely  confess  that  the  evidence  of  their 
having  been  artificially  formed  appears  to  me  to  be  open  to  doubt. 
On  the  contrary,  however,  the  flint  implements  of  the  alluvial  deposits 
leave  no  doubt  as  to  their  having  been  artificially  formed  by  the 
hand  of  man.  For  the  present  therefore  we  will  only  consider 
these  undoubted  traces  of  man  contemporaneous  with  the  great 
Mammalia  in  the  Quaternary  deposits. 

The  first  and  most  evident  conclusion  that  m«^  \^  ^TV<qxi\%>  ^^ 
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Ln  alluvidl  Jqifnits  having,  as  already  Bt&ted,  been  produced  by  ll» 

I.  tii'ii  i'f  uiii^r  .Irriveil  from  Ibe  molting  of  the  snows  of  the  glacial 
■|ii-li,  ii  l'i!l>wH  Ili;it  the  animals,  whose  remains  occur  therein, 
iijil  till.'  h.'il,i.'[--  ul'  tliD  flint  impltimenta  OGSociated  with  them,  were 
living  bLl'iPiL'  ilif  Glacial  period  which  destroyed  so  many  of  tha 
;reat  Miimmalin. 

SIrtu  must  thcrcfnre  have  appeared  at  the  end  of  the  Pliocena 
period,  nui!  iluring  this  early  time  bo  was  in  the  Palieolithic  era,  u 
E^vidoiiceil  by  Ihc  fabrication  of  his  weapons  of  eilex.  No  metab 
nur  pottery  of  any  kind  have  been  found  in  these  formations. 

Li't  lis  uo^v  exnniine  the  evidenoe  relative  to  man  during  IIm 
KeoJitJuo  age.  Tlie  Koman  country  is  very  rich  indeed  in  remaini 
reforable  to  this  more  recent  epich.  Everywhere  in  the  surface 
soil  are  found  oxt inordinary  (juantitiea  of  flint  knives  and  speai- 
liea<ls,  finely  formed  and  polished,  and  SDUietiraea  magnifioent 
jiaii'hcts  iif  soifirithtd  stone.  These  objects  are  not  only  found 
^clIIiv'i]  iiVi  i-  ilio  surface  of  Ibe  soil,  but  ihey  are  frequently  net 
uiili  ,L.-.  miLiil.ili'il  in  limestone  caverns,  imbedded  in  stalagmite, 
■ui'l  i-ft.niLiiil  wiili  ihcm  are  the  fragments  resulting  from  the 
niniinri  i  '  <!'  il  .  v  ■  '|i<'>ns  themselves,  in  fact  n  true  manufaotoiy 
.if  N  111  I  '  I- :  n  ihing  unknown  in  tha  Paleolithic  period, 

[lir  ui    j.  ■■  ■  ■■,  ri'  so  inferior  in  finish  and  workmanship. 

^Vln'       I  -   ■    v]|.'   ihi' jirrhisloiic  jieriod  info  two  dislinct 

q...,-l,-    ■  I..'  '.■■.,■    ..;■  A,.|,...!iil,ic}  and  the  Keo/!(Ai>. 

ill'-  ili:!'  .    .  ■■■.,■,  1 1  .   .ilijects  which  have  been 

I'.iiiii'l  '.■         ■  ■.      '  I  ■  I. 'vod  it  might  bo  possible 

hill,  lit;-  i;i  ml'  'III  .,1  .!■■  I  I  ;ri:  -111..:;  ]■■  11..1I  from  fbo"  Palieolithic  to 
the  Xculilliic.     Ami.  u,.\vt.-<].  i  IfuHcvc  wc  have  found  Ju  this  district 
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objects  just  described,  some  beautiful  vessels  of  perfect  work,  re- 
sembling those  of  the  ancient  Etruscans.  There  have  also  been 
occasionally  found  hatchets  perfectly  polished,  made  of  a  kind  of 
stone  (a  Jadeite)  that  is  not  found  in  Italy.  From  what  region  were 
these  objects  derived  ?  My  opinion  is  that  a  foreign  and  more  civi- 
lized people  was  in  communication  with  the  native  inhabitants  of 
Italy  daring  this  period,  and  that  a  kind  of  commerce  was  probably 
established,  and  that  in  process  of  time  this  people  (certainly  a  more 
advanced  and  civilized  race)  became  the  invaders,  and  that  the 
primitive  population  of  Italy,  being  less  civilized,  disappeared 
entirely. 

Upon  such  an  hypothesis  the  presence  of  metals  mixed  with  these 
flint  implements  and  this  rude  pottery  may  easily  be  explained. 
For  it  cannot  be  supposed  that  a  race  of  men  who  had  attained  to 
the  art  of  separating  metals  from  their  ores  by  smelting,  should  yet 
continue  to  manufacture  flint- weapons,  and  to  use  them  in  preference 
to  those  of  bronze  or  iron. 

I  prefer  rather  to  adopt  the  conclusion  that  the  introduction  of 
metals  is  good  evidence  of  the  presence  of  a  more  civilized  foreign 
people,  who  at  first  were  in  occasional  communication  with  the  pre- 
existing population  for  purposes  of  trade,  and  in  later  times  occupied 
the  country.  It  is  necessary  to  observe  that  the  metallic  objects 
met  with  consist  for  the  most  part  of  spears  and  hatchets  carefully 
cast  in  bronze,  which,  although  an  easily  fusible  material,  proves  that 
the  people  who  worked  in  it  were  well  instructed  in  the  use  of  the 
ores  of  copper  and  tin.  We  do  not  find  any  trace  of  iron,  the  use 
of  which  is  certainly  referable  to  a  posterior  age,  owing  no  doubt  to 
the  greater  difficulty  attending  the  treatment  of  this  metal. 

I  believe  that  prior  to  the  introduction  of  bronze,  some  metals 
more  easily  fusible  were  employed,  and  I  remember  to  have  once 
examined  a  leaden  spear-head  of  rough  workmanship,  but  which 
bad  evidently  been  fused  and  moulded.  This  object  was  found  in 
a  bed  of  Quaternary  gravel.  But  this  single  fact  is  scarcely  suffi- 
cient by  itself  to  establish  that  lead  was  the  first  metal  employed  by 
man,  although  the  instance  above  cited  seems  deserving  to  be  placed 
on  record. 

From  the  facts  stated  it  seems  to  me  that  the  existence  of  a 
transition  period  between  the  Palaeolithic  or  Archseolithic  and  the 
Neolithic  ages  (which  I  would  propose  to  name  the  Miolithic  period) 
is  admissible,  and  it  would  be  of  great  importance  to  learn  whether 
the  researches  carried  on  in  other  countries  give  the  same  results  as 
those  which  have  been  obtained  here. 

Certainly  in  Central  Italy  this  transition  period  is  distinctly 
indicated,  and  marks  a  very  clear  epoch  in  the  primitive  history  of 
human  civilization. 

Admitting  then  this  new  period  which  I  have  pressed,  and 
taking  the  ArchoBolithic  or  Palaeolithic  period  as  a  point  of  departure, 
to  this  would  succeed  the  Miolithic^  and  I  conceive  that  during  this 
middle  period  the  primitive  inhabitants  of  Central  Italy  were  divided 
into  two  different  populations,  which  were  \)tob».\>\^  T«^t«afe\i\&^  Vj 
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two  dietinot  races ;  the  one,  primitive  or  nntiTo,  which  continaoil  to 
use  flint  weapons,  perfecting  their  niatmfactnro  lianng  the  auoceoiva 
Neolithic  periotl ;  the  other  of  more  recent  totrtxiuotion  {hut  oh- 
talnly  derived  from  »  more  ancient  and  more  highly  advanct^d  noe  u 
regards  ita  progress  in  civilization),  which,  invading  the  oountrj, 
gradually  superseded  the  aboriginal  fliut-impleuient-making  rao*. 

According  to  this  view,  the  Latin  populatioD  which  actiuiDy 
inhabits  the  Ilaltan  pcninsnla  does  not  represent  the  priniitim  nu. 
but  they  are  the  desuendunta  of  an  exotic  people  who  hroughl  ta 
Italy  a  civilizntion  ninch  in  advance  of  the  aboriginal  moe. 

If  it  bo  asked  from  whence  came  those  early  foreign  scittletii 
I  think  it  will  not  ho  diffionlt  to  prove  that  they  came  from  Asia, 
where  we  also  find  remains  of  uioimments  of  the  higlteet  hidtoricil 
antiquity,  afiurding  records  of  the  most  ancient  period  in  himu 
civilization. 

The  introduction  into  Itnly  of  thi«  exotic  popnlation  is  referabls 
to  the  dawn  of  the  modem  epoob,  whereas  the  primitive  iohabitaDU 
of  Italy  were  exiBtiug  from  the  end  of  the  Pliocene  period,  when 
all  the  plains  now  etretofatng  ou  both  Bides  of  the  Apennine*  wa« 
covered  )»y  tlie  sea,  and  when  the  Ifttest  Tertiary  deposits  vera  bdiig 
spread  over  their  Bubmerged  snrfuoes.  In  this  remote  time  Oentnu 
Itjily  was  represented  by  un  archiptliigo  of  mounlainoua  ishinds,  the 
Apennincfiheiug  washed  to  tJLcir  feet  by  the  waves  of  the  Pliocene  eea. 
Even  then  primieval  man  inhabited  the  mountains,  and  their  calu- 
feroua  caverns  were  hia  sole  retreats,  nor  could  ho  descend  into  ita 
plains  until  after  their  upheaval,  when  he  doubtless  witnessed  the 
gradual  formation  of  the  great  Quaternary  alluvial  deposits  and  the 
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BECOEDS  OF  PEEHISTORIG  MAK  IN  THE  EOMAN  COUNtRT. 


OcologiMl 

Pcrtodt* 

Nfttnre  of  the 
Depodt. 

Periodiinthe 
History  of  Man. 

BTidenoM  of  Man's 
preeenoe. 

IV.  Modem 
or 
Qnatemary. 

Becent  alluTial 
deposits  and  surface- 
soil  of  the  country. 

Neolithic. 

Flint  perfectly  cut 
and  worked;  hatchets 

of  Jadeite;  pottery 
with  the  first  pictures. 

III.  Newer 
Pleistocene. 

Travertine 
Yolcaoic  products 

of  the 
Latial  Volcanos. 

Miolithic. 

Silex  well  polished, 

but  not  perfectly  cut ; 

rough  pottery  mixed 

with  a  finer  quality ; 

metals  (bronze). 

II.  Andent 
Pleistocene. 

Grarel,  sand,  and 
marl|  with  the 

bones  of 
great  Mammalia. 

Palteolithic  or 
Archa)olithic. 

Flint  implements 
of  a  more  perfect 

workmanship ; 
Metals  ?  (Lead). 

I.  Upper 
Pliocene. 

GraTd  and  jellowsand 
witn  marine  fossils 
( =  Crag  Mollusca.) 

]^t  appearance. 

Flint  implements 
roughly  worked. 

II. — ^Thb  Antiquity  op  Man. 
By  J.  R.  Daktnb,  M.A.,  of  H.M.  Geological  Surrey. 

OF  all  geological  questions,  perhaps  that  of  the  Antiquity  of  Man 
is  the  most  popular.  Nor  is  it  one  on  which  geologists  have 
been  rash  or  hasty  in  advancing  new  ideas ;  quite  the  reverse :  they 
have  lagged  behind  the  evidence.  In  the  "  Principles  of  Geology," 
one  of  the  most  instructive  chapters  is  that  in  which  the  author  treats 
of  the  progress  of  Geology.  Therein  Sir  Charles  Lyell  has  shown 
bow  the  science  had  been  retarded  for  three  hundred  years  by  men's 
reluctance  to  admit  such  a  simple  and  obvious  matter  as  the  marine 
origin  of  stratified  rocks,  owing  to  a  fixed  idea  that  the  world. had 
oome  into  being  a  short  time  since  in  much  the  same  state  as  it  appears 
to-day.  Yet  the  illustrious  author  of  the  "  Principles  of  Geology  "  let 
pass  for  thirty  years  the  evidence  that  Man  was  contemporaneous 
with  the  extinct  Pleistocene  mammalia.  In  1833  the  evidence  on 
ibis  point  was  nearly  as  complete  as  it  is  now;  but  it  was  practically 
neglected  because  it  did  not  square  with  preconceived  ideas.  In  fact, 
it  was  not  accepted  tiU  Lyell  himself,  reviewing  the  facts  in  his 
usual  masterly  manner,  summed  up  judicially  in  favour  of  the  new 
views  in  his  first  edition  of  the  "  Antiquity  of  Man."  Now,  to  com- 
pare great  things  with  small,  a  like  reluctance  to  admit  new  evidence 
on  the  subject  is  widespread.  Then  the  prejudice  was  that  man  was 
modem,  that  he  never  saw  old-world  mammals  any  more  than 
Silurian  forms  of  life ;  now,  admitting  perforce  his  co-Qx\&t/^w<^^  ^'v\X>l 
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the  Pleistocene  mammals,  the  prejudice  is  that  he  should  be  oonsidwrf 
poBt-GIacial.  Yet,  geologically,  the  question  ie  practically  settled  by 
the  evidence  afforded  by  the  Victoria  Cave.  There  the  usa&l  Plnso- 
cene  tauiia  is  found  overlain  hy  a  true  glacial  deposit.  Whether  or  nut 
the  bones  of  man  have  really  been  found  there,  is  a  qnestion  for 
osteologists  to  determine;  but  though  of  great,  this  is  not  of  the  flnt 
importance.  The  fauna  is  that  ol^n  asfiociitted  with  man  ;  therefon, 
without  prejudice,  we  conclude  that,  what  is  true  of  them  as  to  i^ 
is  also  tme  of  bim :  whether  or  not  a  human  bone  has  been  Ibind 
in  that  particular  collection  is  comparatively  uniraportant.  At. 
however,  owing  to  the  reluctance  shown  in  certain  quarters  to  admit 
the  evidence,  the  simplicity  of  the  geological  question  is  not  genersDj 
known,  a  short  summary  of  ttie  facta  aud  ar^imenta  may  tw  sf 
interest.  At  the  Victoria  Cave  the  remains  of  Hytena,  Fox,  Bwwn 
Bear,  Orizzly  Bear,  Slephas  a-nliquus,  Wiinoferoa  Irptorkiaug,  Hippo- 
potamus, Bob  pTiJuigeniui,  Bison,  and  Hed  Deer,  and  a  queetionabU 
fibula,  have  been  found  in  the  lower  cave-earth,  llie  ends  of  this 
deposit  were  covered  by  a  mass  of  erratic  boulders  and  of  till. 
This  was  a  true  glacial  deposit,  as  I  have  myself  seen.  Tbts  ^sdil 
deposit  immediately  overlies  the  Cave-earth  containing  the  Pleistooeoa 
mammalia,  without  the  intervention  of  any  talup;  but  it  was  ittdf 
covered  by  an  enormous  mass  of  talus,  twenty  feet  and  upwards  ia 
thickness,  composed  of  limestone  fragments,  fallen  from  the  ohff 
above,  without  the  intermixture  of  any  boulders  whatever. 
This  Boquonco  of  deposits,  consisting  of: — 
Modern  screes,  resting  u|i'jr: 
Glacial  Boulder-beds,  overlying 
Cave-earth,  with  the  Pleistocene  fauna, 
sufficiently  establishes  the  fact  that  the  animals,  whose  remvnt 
have  been  there  found,  lived  in  the  country  before  the  end  of 
the  Glacial  period.  This  is  perfectly  simple :  but  it  is  oontniy 
to  the  common  opinion  formed  entirely  upon  the  evidence 
gleaned  in  a  very  different  part  of  the  country,  to  wit,  the  Ouse 
and  Thames  baaius,  where  the  said  fauna  is  post-Olacial.  So 
prejudice  seta  to  work  and  pnta  its  votaries  through  remarkablB 
contortions.  First,  it  is  suggested  that  the  boulders  are  not  a  true 
glacial  deposit  in  place,  but  have  tumbled  into  their  present  position 
off  the  cliffs  above.  This  is  simply  impossible,  and  therefore  the 
suggestion  is  absurd,  for  the  following  reasons : — Hod  the  bouldei* 
fallen  off  the  cliff  in  the  course  of  its  weathering,  they  would  be 
mixed  up  with  ordinary  talus  and  screes.  But  they  are  not  so ;  they 
form  a  distinct  deposit  by  themselves.  Moreover,  one  cannot 
suppose,  if  one  would,  that  a  nest  of  boulders  and  a  patch  of 
Boulder-clay  had  been  providentially,  though  most  improbably, 
placed  on  the  top  of  the  scar  above  the  mammalian  remains,  so  as 
to  fall  in  a  lump  and  leave  not  a  stone  behind  to  mix  with  the  sub- 
sequent screes,  for  this  reason :  restore  to  the  cliff  the  amoaut  of 
rock  that  has  subsequently  fallen  as  screes  upon  the  boulder-bed, 
and  make  due  allowance  for  the  enormous  amount  that  has  heea 
carried  away  in  solution  without  leaving  a  trace  behind;  restore  all 
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the  cliff,  and  it  will  project  so  far  over  the  site  of  the 
r-beds  as  quite  to  preclude  the  idea  of  their  having  fallen 
he  cliff  above.  But  drowning  sceptics  catch  at  straws.  So 
re  a  further  exhibition  of  intellectual  contortion.  It  is  now 
d  by  the  sceptical  geologist  that  the  boulder-bed  has  come 
li  a  providential  pot-hole  or  pipe,  "of  which,"  it  is  said, 
are  plenty  in  the  limestone  above."  Memory,  when  sceptical, 
linly  creative.  The  limestone  plateau  above  is  singularly  free 
)ot-holes :  there  is  not  one  of  any  great  size  within  many  a 
le  nearest  being  Oingling  Hole,  more  than  three  miles  distant; 
nuch  doubt  whether  there  are  any  worthy  the  name  nearer, 
en  had  they  been  tolerably  abundant,  has  the  ingenious  author 

theory  ever  seriously  asked  himself  what  are  the  chances 
ot-hole  occurring  just  in  so  very  convenient  a  situation,  and 
tie  chance  of  the  cliff  having  just  weathered  back  far  enough 
roy  this  providential  pot  and  no  further?  When  he  has  got 
%  of  the  smallness  of  these  chances  separately,  let  him  then 
our  to  estimate  the  probability  of  their  both  having  occurred 
)r.  I  rather  fancy  the  figures  will  somewhat  astonish  even 
^ptic.  So  much  for  the  geological  question,  the  chief  points 
3h  have  been  insisted  on  over  and  over  again  by  Mr.  Tiddeman. 
egards  the  palceontological  question,  Mr.  Tiddeman's  argument 
ply  this:  here  we  have  a  fauna  which  is  elsewhere  often 
ted  with  the  remains  of  man;  whatever  be  the  age  of  this 
is  presumably  also  that  of  man ;  in  the  Victoria  Cave  we  have 
30  that  this  fauna  existed  before  the  close  of  the  Glacial 
;  therefore,  presumably,  man  existed  in  this  country  also 
the  close  of  that  period.     The  fact  that  the  said  fauna  with 

remains  is  post-Glacial  in  the  South  of  England  is  to  be 
led  by  the  consideration  that  the  last  glaciation  of  the  country 
t  extend  over  the  South  of  England.  This  consideration  too 
IS  the  remarkable  fact,  that  no  Pleistocene  fauna  has  been 
in  river-gravels  in  the  North  of  England.  Why  should  such 
a,  when  found  in  river-gravels,  be  confined  to  the  south? 
'  because  the  last  glaciation  has  swept  away  all  the  river 
s  of  that  age  from  the  north ;  but  as  it  did  not  extend  to  the 
the  old  river-gravels  of  that  district  have  escaped  destruction, 
main  to-day  to  be  seen  with  their  included  fauna. 


III. — Reversed  Faults  in  Bedded  Slates. 

By  E.  J.  Hebert,  M.A.,  F.G.S., 
of  H.M.  Greological  Soirey. 

be  an  established  rule,  in  coal-mining  districts,  that  the  hade 
'  a  fault  is  to  the  downthrow,  it  is  an  equally  undeniable  fact, 
le  surfaces  of  bedded  slates,  as  a  rule,  exhibit  only  faults 
hade  to  the  upthrow.  In  suggesting  a  possible  explanation  of 
enomenon,  I  shall  allude  to  the  latter  as  reversed,  and  the 
as  direct  faults.  Let  Fig.  1  represent  a  piece  of  wood  six 
square  and  one  inch  thick,  lying  upon  a  table,  and  l%t  \\»  V^ 
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e&wa  througli  diagoually  as  indicated ;  apply  equftl  and 
preBBuree  P,  P,  Q,  Q,  at  rif;ht  auglea  to  each  of  the  niHea 
middle  jwinta,  aa  indicated  by  the  arrows  in  Fig.  1.     The 


equal  to  Q,  there  is  do  tendenoy  to  a  displacement ;  whe 
be  groaler  thnu  Q,  the  square  has  a  tendency  to  assume  th( 
Fig.  2,  and  if  P  be  less  than  Q,  of  Fig.  3.  Now  sup] 
square,  iuatoad  of  being  of  wood,  and  lying  on  a  table,  fon 
of  the  earth's  crust,  and  stands  vertically,  the  grain  of  i 
being  replaced  by  the  strata  of  wliioh  the  crust  is  made  up 
the  vertical  pressures  upon  the  sides  of  this  square  of  nx 
the  horizontal,  the  strata  of  which  it  is  made  up  will 
osaumo  the  form  indicated  by  Fig.  2,  i.e.  a  direct  fault  will 
take  place ;  whereas  if  the  horizontal  pre-ssurea  exceed  th( 
the  strata  will  tend  to  take  the  form  of  Fig,  3,  i.e.  a  reeet 
will  probably  ensue. 

These  tendencies,  however,  will  not  of  neccsKity  result 
since  any  displacement  may  be  prevented  by  the  more  or 
connexion  of  the  square  of  rock,  under  consideration, 
adjoining  strata,  of  which  it  forms  a  part.  Friction  also,  a 
a  multitude  of  other  modifying  causes,  will  influence  tl 
Now  since  it  ie  probable,  where  strata  are  tolerably  free  I 
tortion,  as  in  the  English  Coal-measures,  that  vertical 
have  exceeded  horizontal  preBSures,  (arguing  as  above)  » 
here  expect  to  meet  with  direct  faults ;  but  since  it  is  c 
highly  contorted  and  cleaved  strata,  as  in  the  English  at 
slates,  that  horizontal  pressures  have  at  one  time  far  eicci 
vertical  pressures,  we  shoiihl  hei'e  similarly  expect  to  mei 
with  reversed  faults;  and  in  each  case  our  surniiBes  woi 
correct. 

It  should,  however,  be  reraarkeil,  that  the  above  are  oonsi 
of  the  most  simple  case,  and  in  practice  we  should  meet  w 
variations  which  would  modify  the  result.  First  and 
amongst  those  should  be  mentioned  that  the  hade  of  the  fi 
seldom  happen  lo  be  45''  (as  in  the  figures),  a  lower  hade  ti 
neutralize  the  motive  power  of  the  vertical  pressures,  and 
that  of  the  horizontal  pressures,  while  if  the  fii^sure  be  vei 
boriKontal  pressuree  will  have  no  uioti\'e  power  at  alL     Stii 
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iplications  will  ensue  when  the  horizontal  pressures  Kte  of  suoh  a 

dinec^on  as  to  produce  a  certain  amount  of  lateral  shift  in  the  strata 

^Tx  either  side  of  the  fault,  as  would  he  the  case  in  our  illustration,  if 

tlie  ^<}uare  of  wood  were  not  sawn  at  right  angles  to  its  surface,  hut 

^v-itl^  the  saw  on  the  slant,  in  which  case,  the  pressures  heing  applied, 

'•^e  -trvro  pieces  of  wood  would  no  longer  tend  to  move  in  the  plane 

^f*    t^lie  square ;   and  it  is  here  necessary  to   remark  that  reversed 

^ayiltis  resulting  from  the  horizontal  pressures  accompanying  cleavage, 

'^^^l    not  be  exhibited  on  the  cleavage  faces  of  bedded  slates,  except 

'^^ere  the  pressures  have  a  direction  similar  to  that  last  referred  to, 

^-e.    such  as  would  produce  a  certain  amount  of  lateral  shift.     But 

®^^  "tliis  oblique  position  of  the  fissures  with  respect  to  the  pressures 

^^^H   he  of  most  frequent  occurrence,  we  should  expect  the  greater 

^^tnber  of  faults  resulting  from  cleavage  pressures  to  be  exhibited 

^pon  the  faces  of  the  slates. 

The  above  modifications  do  not,  however,  destroy  the  general  in- 
**^i*ence,  that  direct  faults  are  indicative  of  excessive  vertical  pressure, 
^^d  reversed  faults  of  excessive  horizontal,  or  lateral,  pressure. 

IV. — The  Geology  of  Sumatra. 

By  M.  R.  D.  M.  Ybrbebk, 

Director  of  the  Geological  Sxirvey  of  the  West-Coast,  Sumatra. 

(PLATE  XrV.) 

(Commimicated  by  Professor  T.  Rupert  Jones,  F.R.S.,  of  the  Royal  Military  and 

Staff  Colleges,  Sandhurst.) 

THE  G^eological  Panorama,  Plate  XIV.,  prepared  hy  M.  E.  D.  M. 
Verheek,  is  in  further  illustration  of  his  Memoir*  "On  the 
Geology  of  Central  Sumatra,"  in  the  Geol.  Mag.  1876,  New  Series, 
Dec.  II.  Vol.  II.  (No.  136),  pp.  477-486  ;  and  it  gives  a  view,  from 
north  to  south,  of  a  most  interesting  part  of  the  Highlands  of 
Padang,  namely  the  Oemhilien  C^oal-field. 

To  the  left  the  syenite  is  covered  hy  sandstones  and  hreccias  of 
the  group  "  oa."  The  quartz-porphyry  of  Mount  Toenkar  conceals 
the  greater  part  of  the  Paramhahan  Coal-field.  Then  follows  the 
Sigaloet  Coal-field,  with  its  heds  dipping  south ;  on  the  other  side  of 
the  Biver  Oemhilien  the  sandstones  of  the  Soengei-Doerian  Coal- 
field are  seen  dipping  to  the  north.  These  three  coal-fields  form 
together  the  Oemhilien  Coal-field.  More  to  the  right  (south)  follows 
the  old  limestone  with  FwdincSy^  and  the  greenstone  (pyroxene- 
porphyry).  The  hills  hetween  the  Coal-field  and  the  point  from 
which  the  panorama  was  taken  are  composed  of  hreccias  and  marl- 

1  See  also  Geol.  Mao.  Dec.  II.  Vol.  III.  p.  382,  for  some  verhal  corrections  in 
•  this  memoir;  also  Vol.  11.  pp.  632-39,  Plates  XIII.  and  XIV.,  for  Mr.  Brady's 
description  of  some  Fossil  roraminifera  from  Sumatra ;  and  Obol.  Mao.  Dec.  II. 
Vol.  III.  pp.  433-40,  Plates  XV.-XIX.,  for  Dr.  A.  Giinther's  description  of  some 
Fossil  Sumatran  Fishes.  This  coloured  Panorama,  like  the  foregoing  Plates,  has 
l>een  executed  under  the  auspices  and  at  the  cost  of  the  Dvtch-JNetherland 

GOYEBNICENT. 

>  In  the  Neues  Jahrh.  1876,  p.  415,  M.  Verheek  mentions  the  discovery  of 
Produetut  Hmintieulatw,  Fhilliptia,  and  QwiatUit  in  the  Fusulina-limestone  of 
Sumatra. 
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slataa  of  the  oldest  part  of  tba  Eocene  formation   (5a) ;  th«  liW 
ooDtain,  on  the  River  Sankarewang,  remains  of  Fishes  attd  Pt«tt 

The  following  summary,  by  Prof.  E.  B.  Gbinitz  and  Dr.  W.  i.i 
Mabck  {flcpori  Imp.  Qeol.  laslil.  Fienna,  August  31,  1876),  of  Ik 
inforoiation  they  have  obtained  on  the  geolo^  and  fosails  li 
Sumatra,  may  be  introduced  here  with  advantage. 

Mr.  R.  D.  M.  Verbeek  has  noticed  the  followinjif  snoceesion  of  roeh 
(in  ascondiugorder)  near  Fort  Van.iier-C»pellen,\V©8t-C»3a«t,SiiiialB- 

1.  Grey  Liraeelonei  alioiinding  with  a  htr<^  spherical  forai  d 
Futtdina  (belon^ng  to  the  group  of  Fiu.  robntUt,  Meek),  and  da 
ossicleti  of  Crinoid  stents.  This  Fntulina  approachea  very  tiear  tie 
Garinlhian  form  Fia.  globo$a.  Prof  Geinits's  Fag,  VerbeAi  't 
identical  with  Ehrenliei'g'a  Borelti  priaceps  from  the  homfitoMol 
the  Carboniferous  LimestoiiB  near  Archangel.  These  limpttoM 
may  be  ranked  iu  the  Upper  Carboniferous,  or  eventually,  [wriufti 
in  the  Inferior  Dyadic  (Lower  Pennian)  Series. 

2.  Marl-shale  Formaliou  [Marl-»lale»],  daxk-groy,  thinly  lamiaaled 
shales,  with  remains  of  Fiihu,  analogous  (o  those  of  QIaris.  Tfaw 
Shales,  immediately  resting  on  greenstones,  are  considered  by  Prat 
Goinitz  and  Dr.  von  der  Marck  to  be  a  connecting  link  betwMO 
Cretaceous  and  Eocene  deposits ;  and  by  Professors  Herz  and  & 
Jones  to  be  Eocene.  [Dr.  Qunther,  however,  has  indicated  thsr 
very  close  alliance  with  recent  forms,] 

3.  Satidsloiies  mth  Coal-»eama,  without  organic  remains,  neatlj' 
lOOO  feet  thick,  resting  u  neon  form  ably  on  the  Marl-shales.  TTie 
only  fossils  in  them  are  undeterminable  stalks  and  leitves  of  planii, 
small  MelanicB,  and  traces  of  Fish. 

i.  Marly  Sandslowii,  very  far  spread ;  a  marine  deposit  wiA 
remains  of  Ostrea,  Peeten,  and  Serpula. 

C.  Coral-lime»lonei  (rather  extensively  overlying  group  -i) ;  ineln<l' 
ing  intornal  casta  of  Gosleropods  and  Conchifers,  together  witb 
Echiuidm  comparable  with  the  Eocene  forms  Prenasier  AtptMO, 
Desor,  and  Periaater  eab-globosua,  Desor. 

The  foBsil  B'Ishes  from  the  laminated,  black-brown,  bituminDoa 
shales,  with  Coprolites,  have  been  described  by  Dr.  W.  v.  d.  Maeck 
as  four  new  species,  namely,  Fralotyngnathue  Sumalrengia  [^Auli$fiipi 
SnmatTaatu,  Giinther],  Sardinioideg  ambtyatOTita  [Thymaebthi/t  aniblfh 
stoma,  Giinther],  Bracht/spondyln*  aaropleryx,  ana  B.  Indieut  fPfesJo- 
tropius  Verbeekii,  Giinther]  ;  and  in  his  opinion  this  fauna,  eopeciallj 
Sardinileg,  allows  him  to  parallolis-.e  these  shales  both  with  tl» 
nppermost  Cretaceous  beds  of  Westphalia  and  Syria  and  with  the 
Eocene  fish-beds  of  Monle  JJolca,  and  thus  to  regard  them  as  u 
intermediate  link  between  Cretaceuns  and  Eocene,  aud  acaJogoju  liJ 
the  "Libumian"  horizon  of  Istria  and  Dalmatia. — Beport  Qed 
Itutit.  Vienna,  August  31,  1876. 

Dr.  GiiNTHER  points  out  {op.  dU  lupra,  p.  434)  thai  of  the  nine 
genera  of  Fishes  represented  in  the  Sumatian  Collection  which  he 
examined;  all  but  one  have  living  species,  mostly  in  India  and 
.Sumatra. 
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;Y. — ^The  Migbatiom  of  Spkoiks  A8  belated  to  the  Cobbelation 
,  OF  Geologioal  Fobmations. 

I* 

By  Chaslbs  Callaway,  M.A.,  B.So.,  F.G.S. 

THE  topic  of  this  paper  is  suggested  by  a  somewhat  extended 
practical  study  of  the  fossils  of  North  America.     A  comparison 
of  these  forms  with  our  European  faunas  will,  I  think,  throw  some 
-light  upon  migration,  and  upon  the  oorrelation  of  strata. 

When  comparing  western  with  eastern  formations,  we  are  thrown 
back  chiefly  upon  the  testimony  of  fossils.  Mineral  resemblance,  such 
«B  is  observed  between  the  Wenlock  Limestone  and  Shale  in  the  east, 
and  the  Niagara  Limestone  and  Shale  in  the  west,  is  of  little  value 
at  great  distances.  The  Wenlock  Limestone,  for  instance,  passes 
into  an  arenaceous  deposit  towards  Wales,  and  the  Niagara  Lime- 
stone thins  out  towards  the  east  in  the  State  of  New  York ;  so  that 
the  continuity  of  the  two  formations  is  an  extreme  improbability. 
Btratigraphical  position,  the  third  test  of  contemporaneity,  is  also  of 
Utile  service,  and  is  itself  dependent  upon  fossil  evidence.  We 
oannot,  for  example,  justly  argue  that  the  Niagara  group  of  New 
York  represents  our  Wenlock  on  the  gix)und  of  its  stratigraphical 
position,  unless  we  admit  that  the  formations  overlying  and  under- 
j^ing  it  correspond  respectively  to  our  Ludlow  and  May  Hill 
Sandstone.  But  we  can  prove  that  correspondence  only  by  strati- 
graphical  position,  which  would  land  us  in  absurdity ;  or  by  fossils. 
The  uncertainty  of  mere  stratigraphical  evidence  is  well  illustrated 
by  the  Devonian  and  Old  Bed  Sandstone  of  South-western  Britain  ; 
and,  if  this  method  of  proof  is  so  dubious  in  the  case  of  formations 
separated  by  the  Bristol  Channel,  it  is  obviously  much  more  un- 
trustworthy when  applied  to  groups  on  opposite  sides  of  the  At- 
lantic Ocean. 

It  has  been  maintained  that  identity  of  species,  so  far  from  proving 
eanlemporaneity,  is  an  evidence  of  non-contemporaneity.  If,  for  ex« 
ample,  a  species  migrates  from  Britain  to  America,  it  is  clear  that 
the  beds  containing  it  in  America  are  newer  than  the  strata  which 
contain  it  in  Britain.  This  is  undoubtedly  true  if  we  use  the  word 
*<  contemporaneous  "  in  a  strictly  historical  sense.  It  is  evident  that 
the  whole  of  the  formation  in  America  characterized  by  a  certain 
faana  cannot  be  contemporaneous  with  the  whole  of  the  series  in 
Britain  containing  the  same  fauna;  the  former  will  be  later  than 
the  latter  by  the  time  occupied  in  the  migration  of  the  fauna  a 
distance  of  dOCK)  or  4000  miles.  This  is  on  the  supposition  that  the 
migration  was  from  east  to  west.  It  is  possible,  however,  that  the 
fauna  may  have  originated  in  some  intermediate  centre,  and  spread 
both  east  and  west ;  in  which  case  eastern  and  western  formations, 
characterized  by  the  same  (or  a  similar)  fauna,  may  be  strictly  con- 
temporaneous. Even  on  the  extreme  supposition  of  an  east  and 
west  migration,  I  shall  attempt  to  show  that  the  time  occupied  in 
the  migration  is  unimportant  in  comparison  with  the  duration  of 
geological  epochs. 

It  must  be  remembered  that,  for  purposes  of  correlation^  th&  ^^\!c^ 
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I  th  t    mportant     This  is  emphatically  te 

I  1 1      I    lee  f     iliftrouB  groups,  in  which  moUim 
I              11             fit.     Brachiopoila,  especially,  (ibotii4 
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]      1  M  11  suouB  faunas  are  of  very  wide  St- 
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"          r  \\      1  1  (Manual  MoH.  p.  60)  states  thft  I 
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Id;,"  three-fiftbs  of  the  circumfereJiM 
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t  for  the  extension  of  species  wen 
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1 1  d  the  conditions  now  prevailing  id 

Ih  t  resemblance  is  seen  chiefly  in  two 

□  f  tciii]ieraliirt.'.  and   in   continuilj 

I     [        If  llie  InlttT  point,  it  will  be  neee*- 

II  1  n  fruni  the  eastern  to  tho  western 
I  t  It  is  highly  probable  that  tho 
1  1  tl  northern  Atlantic  was  occnpied  by 
lilt  lii.it  11, 1  ,1,1  w.ns  open  towards  the  north  wilM 
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I  of  migrating  en  masse.  It  certainly  was  not  so  in  Palseozoio  times. 
A.  few  examples  will  suffice  to  illustrate  this.  Fentamerus  galeatus, 
•  species  which,  in  Britain,  commenced  its  existence  in  the  Wenlock 

Skriod,  is  not  found  in  any  American  formation  below  the  Lower 
elderberg  group,  the  representative  of  our  Ludlow.  Fentamerus 
cblongus,  which  in  the  eastern  hemisphere  and  in  eastern  North 
America  is  not  found  higher  than  the  Clinton  group  (our  May  Hill 
Sandstone),  ascends  into  the  Niagara  (Wenlock)  formation  in  more 
iresterly  localities.-  A  more  striking  example  may  be  cited.  Our 
Imdlow  rocks  are  characterized  by  an  abundant  Lamellibranchiate 
Cftona,  notably  by  the  genera  Pterinea,  Goniophora,  and  Cyprieardinia. 
In  North  America,  this  fauna  is  represented,  not  in  Silurian,  but  in 
Middle  Devonian  (Hamilton)  rocks,  by  forms  which,  in  some  cases, 
are  specifically  identical,  and,  taken  as  a  whole,  are  strikingly 
flimiliur.  We  are  bound  to  regard  the  Hamilton  as  true  Devonian, 
aince  it  lies  above  strata  with  a  distinctively  Devonian  facies,  and  far 
above  formations  which  clearly  represent  our  Upper  Silurian  groups. 
In  all  these  cases,  the  migration  must  have  been  from  east  to  west. 
On  the  other  hand,  the  Merostomata  flourished  in  the  Water-lime 
formation  (Upper  Wenlock)  m  the  west;  but  in  the  east  they  do  not 
appear  till  the  Ludlow  period ;  the  migration  being  obviously  from 
west  to  east 

Equability  of  climate  over  large  areas  in  PalsBOzoic  times  must  have 
been  highly  favourable  to  migration.  The  President  of  the  Geological 
Society,  Prof.  P.  Martin  Duncan,  in  his  anniversary  address  in 
February,  suggests  that  our  earth  is  losing  its  atmosphere,  as  the 
moon  has  already  lost  hers;  and,  consequently,  our  atmosphere 
most  have  been  denser  in  earlier  periods.  This  would  probably 
account  for  the  greater  equability  of  climate  which  we  infer  on 
paladontological  evidence  to  have  existed  in.PalsBOzoic  epochs.  If, 
then,  migrations  were  wider  and  more  rapid  in  ancient  periods, 
fossils  must  be  even  better  tests  of  contemporaneity  than  in  younger 
formations. 


VL ^NOTKS    ON    THE   DEVONIAN    BoOKS    NEAB    NeWTON    AbBOT    AND 

Tobquat;  with  Bemabks  on  the  Subject  of  tueib  Glassiti- 

OATION.* 

By  Horace  B.  Woodward,  F.G.8., 
of  the  Geological  Survey  of  England  and  Wales. 

[Bead  before  the  British  Association  at  Plymouth,  August  16th,  1877.] 

WHEN  we  consider  the  growth  of  geological  knowledge  in  our 
own  country,  we  soon  learn  how  very  detailed  must  be  the 
character  of  all  new  work  compared  with  that  performed  by  the  great 
pioneers  in  the  science.  Much  that  has  now  to  be  done  may  be 
called  the  microscopic  work,  labour  that  is  often  uninteresting  and 
dry,  except  to  the  individual  himself,  but  which  nevertheless  is  most 
useful  and  necessary. 

The  more  or  less  rapid  traverses  of  the  earlier  geologists  enabled 

•  1  This  paper  is  communicated  hy  permission  of  the  Director-General  of  the 
Geological  Survey  of  the  United  Kingdom. 
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them  to  produce  sketoh^Riaps,  and  in  most  oasea  to  grstip  the  mdl 

geoio^cal  features  of  the  country  ivlien  they  oouH  not  attempt  lo 
follow  out  all  the  local  poiuts  of  stmeture ;  aud  when  we  remerobir 
tlutt  tbe3'  had  to  Gtarl  tut  it  wtro  iii  a  terra  incognita,  we  vanj  «dl 
speak  with  admiration  of  the  grand  work  that  was  aaliieved  in  &it- 
geology  in  the  early  part  of  this  century. 

While  the  greater  portion  of  England  and  Wales  has  now  b«a 
worked  out  in  considerable  detail,  and  iU  rocky  stmctare  ivpn- 
sented  upon  the  Geological  Survey  maps,  our  kuowlc*]}^  of  ti» 
Paltoozoic  country  of  West  Somerset,  Devon,  and  Camwall,  in  almot 
entirely  confined  to  tiketch-maps,  showing  the  g<enoral  groupjig 
of  the  strata ;  the  det«nninatian  and  oorrelatiou  of  miooi'  h^ 
divisions  in  the  rocks,  and  the  tracing  out  of  thoLr  exact  houiida7< 
lines,  hai-itig  boon  as  yet  attempted  only  hi  a  few  localit)e«. 

Thus  the  geological  picture  sketched  i«rtly  hy  Sedgwick  mi 
Murchieon  and  Godwin-Anstea,  remains  for  the  most  part  TvT 
much  OB  it  was  when  left  by  the  master-hnnrl  of  De  la  BeQne>  Asi 
here  it  is  only  right  to  observe  that  the  maps  of  this  district,  whidi 
were  tiiose  first  published  by  the  Geological  Survey,  wgra  the  wnric 
of  Do  la  Beche  as  an  amateur,  assisted  only  by  the  voluntary  oonuv 
butions  of  other  private  workers.  Consequently  the  same  att^nlion 
to  minute  accuracy  with  whidi  he  Biibswiuently  directs!  iho  labuura 
of  his  staff,  could  not  possibly  have  been  given  lo  this  early  woil, 
which  covered  an  extent  of  ground  that  no  one  man  could  haw 
thoroughly  investigated  in  a  lifetime. 

Another  grand  version  has,  however,  Ijeen  given  to  the  goologioil 
outline  of  this  district,  and  by  a  man  whose  experience  put  him  ti 
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,    aoiiiig  a  few  facts  in  the  local  geology,  some  remarks  be  made  on 
2  fhe  work  that  has  been  done,  so  that  if  possible  more  labourers  may 
"be  tempted  to  come  into  the  field. 

During  a  year's  residence  at  Newton   Abbot  (1874-75),  while 

-  engaged  in  the  revision  of  the  boundaries  of  the  Secondary  and 
newer  deposits,  I  was  enabled  to  gather  a  few  facts  which  may  be 

r  of  interest  concerning  the  succession  of  the  PalsBOZoic  rocks  in  that 
neighbourhood  ;  but  I  should  mention  that  my  work  W6is  restricted 
to  the  older  rocks  immediately  bordering  the  Secondary  strata,  as  a 

.  xevision  of  the  Palarazoic  rocks  is  postponed,  so  far  as  the  Greological 

^  Borvey  is  concerned,  until  the  Six-inch  Ordnance  Maps  are  issued. 
The  published  maps  of  the  Geological   Survey  show  but  two 

.  general  divisions  in  the  Devonian  rocks,  the  slaty  group  having  one 
colour,  and  the  limestones  another.  The  relations  of  these  are  not 
exhibited,  and  one  might  conclude  that  the  limestones  occurred  at 
difiBarent  horizons  as  great  lenticular  or  isolated  masses.  A  careful 
examination  of  the  ground,  however,  soon  dispels  this  notion  ;  and 
Mrhen  the  boundaries  are  traced  out,  it  will  be  found  that  the  fre- 
quently abrupt  terminations  of  the  limestone  are  due  to  well-marked 
faults.  Wherever  positive  evidence  was  to  be  obtained,  a  definite 
sequence  in  the  Devonian  rocks  was  manifest — the  limestones  form- 
*ing  an  upper  group,  the  slates  a  middle  one,  and  red  sandstones  a 
lower  group.  It  must  be  admitted  that  this  positive  evidence  is  not 
often  obtained  in  sections  actually  showing  a  junction  or  super- 
position, but  it  is  very  clearly  established  when  the  beds  are  traced 
out  over  the  ground.  The  relation  of  the  rocks  to  the  form  of  the 
country  is  very  clear,  and  the  actual  boundary-line  between  the  lime- 
stones and  the  slates  beneath  may  usually  be  defined  within  a  few 
feet.  When,  as  is  often  the  case  in  some  limestone  quarries,  the 
dip  of  the  beds  cannot  be  distinguished  amidst  the  cleavage  and 
jointing,  the  general  inclination  can  be  determined  when  the 
boundary  with  the  slates  has  been  drawn,  according  as  the  line 
runs  a  long  way  or  but  a  short  distance  into  the  ravines  and  valleys 
that  intersect  the  escarpments.  In  this  way  the  little  masses  of 
limestone  mar  Woolborough  and  the  slates  of  Abbots  Kerswell,  as 
noted  by  Jukes  and  Dr.  Holi,  can  be  readily  correlated  witlx  the 
Devonian  limestones  and  slates,  instead  of  being  classed  with  the 
Culm-measures,  as  represented  on  the  Geological  Survey  Map. 
These  beds  are  abruptly  faulted  against  the  Culm -measures  on  the 
Vest 

The  slates  may  be  clearly  traced  beneath  the  limestone  south- 
east of  Daccombe,  at  Barton,  Anstey's  Cove,  Wickaboroupjh,  and 
other  places.  The  boundary  with  the  red  sandstones  beneath  is  not 
so  well  marked,  for  the  lithological  characters  are  not  so  sharply 
defined,  nor  have  we  the  benefit  of  the  springs  which  are  thrown  oflf 
at  the  junction  of  the  slates  with  the  limestone. 

The  relations  of  the  red  sandstones  to  the  beds  above  are,  how- 
ever, well  shown  at  Cockington.  A  quarry  about  a  quarter  of  a  mile 
north-east  of  Livermead  shows  beds  of  red  sandstone  dipping  a  little 
to  the  east  of  north,  while  further  west  they  are  shown  di^i^ln^  «k 
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tittio  to  the  west  of  Dorth.  We  m»y  trace  the  elates  above  thenfi 
Cockin^loii  village,  and  if  we  proceed  up  the  valley  by  SlanUHL  •• 
come  upon  the  limestoue  dipping  &t  from  20°  to  'Z-i"  a  little  t)  & 
west  of  north.  At  the  bottom  of  tlie  valley  immediately  to  tl*  e» 
of  Barton,  thin  flft^y  red  sandGlooeR  nmj  likewise  bo  traced  bcDM^ 
tiio  filatca. 

In  187S  &  well-Bectiou  was  made  by  the  Diamond  Bock  BotinE 
Company's  prooeaB  for  the  Torquay  Brewing  and  Trading  Comjiutj 
in  Fleet  Street,  Torquay.  The  following  detnilB  were  kindly  coi- 
muoicated  to  mo  by  Mr.  T.  Perry,  B.A.,  and  altbongh  the  K«ii5 
was  not  carried  sufficiently  deep  to  supply  all  the  requirements  if 
fhe  geuloifist.  the  facts  are  nevertheless  of  sufficient  iotereet  to  b« 
noted,     lliey  are  as  follows  :  — 

retitflr  MarMo about    92  feet 

Plain  LimeslooB „      247    „    8  incikE. 

()Ii;iC<i3  of  two  or  threa  feel  nUed  irith  Mrft 
tenncioui  red  day.) 

DliicSUto,,.. .,         88    „    »       .. 


Imliirated  Eed  Marl , „        M    „    7       „ 

Depth  of  bnriog 638  ft.     7  in- 

Tlie  inclination  (or  "  natural  cleavage  "  as  it  was  termed)  of  tbf 
limestones  was  abnut  70".  whereas  the  inclination  of  the  slates  w« 
no  more  than  45°  ;  and  this  difference  1  am  inclined  to  think  is  du 
to  a  fault  between  the  two  which  runs  north-west  and  gouth-esrt 
along  the  margin  of  the  limestone  that  extends  from  Torquay 
Harbour  to  Daddy  Hole. 

Owinj^  to  this  inclination,  the  thickness  of  the  beds  passed  throng 
may  be  estimated  as  followa ; — 

Limartone 130  feat 

Slates im    _ 

Eed  Marl    2S    „ 

Conceniing  the  so-called  "Indurated  Bed  Marl,"!  saw  a  speciin«o 
which  BOenied  to  belong  to  one  of  the  junction  beds  between  the 
slates  and  red  sandstones,  but  it  would  bo  ba7.ardouii  to  express  adj 
more  definite  opinion  about  it. 

The  succession  of  limestones,  slates,  and  red  sandstones  here 
pointed  out  ia  not  new:  the  results  of  my  own  field-work  rather 
coincide  with  the  views  expressed  fifty  years  i^o  by  De  la  Beche. 
Ne  vert  I  If!  ess,  a  difforont  interpretntion  was  pot  upon  the  structura 
of  Soiilli  Devon  by  Dr.  lloll ;  and  De  la  Becha  himself  was  led  in 
after  years  to  modify  his  opinions  concerning  the  classi6cation  of  the 
beds,  BO  as  to  conform  vrith  the  views  of  Sedgwick  and  Mnrchistn. 
It  was  in  1827  that  be  gave  an  account  of  the  geology  of  Tor  and 
Babbacond>e  Bays.  The  limestones  he  then  termed  Carboniferoai 
Limestone,  stating  that  the  beds  "  contain  fossils  that  have  been  dis- 
covered in  the  Carboniferous  Limestone  of  other  places,  and,  though 
a  matter  of  minor  importance,  mineralogically  resemble  it;  they  are, 
moreover,  separated  from  the  Old  Bed  Sandstone  by  a  shale,  which 
may  be  considered  the  equivalent  of  the  Lower  Limestone  Shale." ' 
I  Tratu.  Oeol.  Soc.  2iid  eer.  vol.  iii.  p.  163. 
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He  described  the  Old  Bed  Sandstone  of  Cockington  as  "  chooolate- 
coloured,  micaceous,  siliceous,  and  very  compact  sandstone." 

The  fact  that  the  Devonian  slates  and  limestones  in  South  Devon, 
as  well  as  in  North  Devon,  are  underlaid  by  beds  resembling  the 
Old  Red  Sandstone,  is  most  important.  Almost  every  writer  speaks 
of  their  mineralogical  resemblance.  So  far  as  I  know,  the  beds  at 
Cockington  have  yielded  no  organic  remains,  but  I  obtained  some 
obscure  plant-like  markings. 

We  can  draw  no  such  close  comparisons  between  the  Devonian 
Slates  of  South  Devon  and  the  Lower  Limestone  Shales,  although 
there  are  local  resemblances.  The  former  beds  are,  however,  much 
affected  by  cleavage.  In  West  Somerset  some  of  the  'Devonian 
slaty  beds  are  much  like  the  Lower  Limestone  Shales  of  the  Mendip 
Hills. 

When  we  come  to  the  Devonian  Limestone,  we  find  a  great  and 
striking  mineralogical  resemblance  to  the  Mountain  Limestone.  Some 
beds  are  of  a  dense  blue  colour,  with  few  veins  of  calcite ;  others 
again  are  very  freely  veined  with  a  fine  network  o^  spar,  or  contain 
broad  bands  of  crystalline  matter.  Beds  of  nearly  white  limestone 
occur  near  Ideford,  others  again  are  Oolitic  in  structure.  It  may  be 
remarked,  also,  that  many  of  the  beds  of  Devonian  Limestone,  when 
fractured,  emit  the  same  sulphurous  smell  as  does  the  Mountain 
Limestone ;  while  the  slaty  beds  beneath  sometimes  exhibit  similar 
alternate  bands  and  nodular  beds  of  limestone.  So  that  almost  every 
lithological  feature  that  one  may  observe  in  the  Mountain  Lime- 
stone of  the  West  of  England  is  repeated  in  the  Devonian  Limestone 
of  Devonshire.  This  reminds  me  that  a  few  years  ago,  when  writing 
in  conjunction  with  Mr.  Bristow  about  the  much-abused  limestone  of 
Cannington  Park,  near  Bridgewater,  we  spoke  of  its  striking  re- 
semblance in  all  particulars  to  the  Mountain  Limestone.  1  can 
only  add  now  that  lithologically  the  Cannington  Park  Limestone 
is  as  much  like  the  Devonian  as  the  Mountain  Limestone.^ 

Sedgwick  and  Murchison  noticed  the  occurrence  of  "  thin  laminsa 
of  bright  coal"  in  the  limestone  near  Plymouth.*  Mr.  Godwin- 
Austen  too  observed  that  **  the  limestone  of  the  Ashburton  band  is 
exceedingly  carbonaceous,  containing  even  seams  of  anthracite,"  and 
he  detected  the  same  feature  at  Tqtnes.  He  considered  the  formation 
of  the  carbonaceous  matter  to  be  due  to  marine  rather  than  to  ter- 
restrial vegetation.^ 

The  weathering  of  the  Devonian  Limestone  is  naturally  similar 
to  that  of  the  Mountain  Limestone.  Some  of  the  honeycombed 
surfaces  that  may  be  seen  on  joints  and  exposed  edges  of  the  rock 
in  a  quarry  at  Wolfsgrove  Farm,  near  Kingsteignton,  showed  that 
when  fossils  occun-ed,  they  stood  out  in  relief  in  the  cavities, 
proving  that  here  at  least  the  phenomena  resulted  from  the  action  of 
atmospheric  agents,  and  not  that  of  snails. 

'  Gbol.  Mao.,  Vol.  VII I.  p.  500.     See  also  Geol.  of  E.  Somerset,  etc.  (Geol. 
Survey),  p.  26. 
'  Trans.  Geol.  Soc. ,  2nd  series,  vol.  v.  p.  651. 
*  Idem,  vol.  vi.  pp.  461,  469. 
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"Wtiile  I  woul<t  not  for  a  tnonicnt  suggest  that  aa  aocunta  nnlifi 
of  thti  Btrnta  could  Ira  made  on  Htbological  any  luore  than  on  palsnt 
tological  grounds  nlon?,  yet  we  cannot  overlook  the  resembUsaea. 

K  cannot  be  doubted,  however,  that  we  must  be  guided  1^  tti 
itrntigrapbical  fflcts,  and  most  important  U  the  relation  that  (fa 
Devonian  Limestone  bears  to  tha  Culm -Measures  above. 

While  I  have  indicated  the  facts  of  the  snocession  in  the  elnti 
near  Newton  Abbot  and  Torquay,  there  ai-e  many  places  where  lii 
reliitions  of  slates  and  liiaestoneB  are  not  clear. 

Tlio  mass  of  limestone  that  extends  from  Lyndridge  to  Mir 
Kingsteignton  dips  to  the  Houlh-east  at  angles  of  from  2(7"  to  JW. 
Tlie  boundary-line  with  the  Oulm-raeasui-es  to  the  north  rung  nlonj 
ihe  bottom  of  the  valley,  and  no  junction  sections  are  to  be  box. 
Tho  sanie  is  the  case  south  of  Ideford,  where,  instead  of  there  bein^ 
three  smnll  masses  of  limestone  in  the  midst  of  the  Cnlm-iueasnnK. 
there  is  but  one  mass,  abruptly  adjoining  these  newer  strtila.  IT* 
Culm -measures  at  Comlie,  Heston,  and  Whiteway  Farms  dip  to  llie 
south-east  aa  if  they  would  pass  under  the  Devonian  Iitiaestoii». 
Hence,  if  the  beds  be  not  actually  inverted,  there  must  be  a  oon- 
siderable  fault  running  along  the  valley  between  Lyndrid^  Hill  snJ 
Ideford,  An  inversion  might  help  us  to  account  for  the  mass  of 
limestone  stretching  from  Oldchard  Well  to  Ugbrooke  House.  1<* 
relations  with  the  Cutm-ineasures  are  nowhere  exhibited,  but  the*> 
beds  nre  seen  to  be  violently  disturbed  by  the  high-road  wmI  <rf 
Bellamarsh  Wood ;  here,  however,  the  great  fault  that  cuta  off  the 
Chudleigh  Limestone  may  pass.  Again  the  Devonian  slates  that 
extend  from  Btsbopsteignton  to  Kingsleignton.  and  which  near  We« 
Cross  would  seem  to  overlie  the  limestone,  are  nowhere  clear]; 
shown  iu  relation  to  it.  and  are  highly  disturbed  in  places  by  tbt 
great  intruded  moss  of  igneous  rock.  There  ts  clear  evidenoe 
in  the  olifFa  north  of  Teignniouth  of  a  fault  which  runs  througli 
Bishopsteignton. 

Nowhere  have  we  any  positive  evidence  of  a  mass  of  Deronian 
slates  overlying  the  limestone,  Iu  some  places,  near  Oldchard  Well 
and  Abbots  Kersweli,  I  have  seen  traces  a  foot  or  two  in  thickness 
of  blue  and  purple  shales  resting  upon  the  limestone,  and  this  woiiLJ 
accord  with  the  facts  obtained  by  my  colleague  Mr.  Reid  at  Cbnil- 
leigh.  where  the  Devonian  Limestone  is  only  separated  from  Utt 
Culm-measures  by  a  thin  bed  of  sliales. 

This  question  of  the  relations  of  Dpvoninn  rocks  and  Culm- 
meuHures  is  full  of  interest,  itnd  full  of  puzzles.  Authorities  agree 
that  the  Culm-meosures  represent  a  part  of  the  true  Cool-measare*, 
and  probably  include  the  whole  of  the  Millstone-grit,  Both  Mr. 
Godwin-Austen  and  Dr,  Holl  have  maintained  that  in  South  Devon 
the  Culm-measures  rest  unconforraably  upon  the  Devonian  rocks. 
Some  of  the  evidence  relied  upon  by  the  former,  and  quoted  by  the 
latter,  has  been  shown  by  Mv.  Reid  to  be  the  result  of  a  fault ; ' 
and  90  far  as  my  own  observations  have  gone,  I  saw  nothing  in 
tile  relations  of  Culm -measures  and  Devonian  rocks  near  Newtou 
'  Paper  read  before  Brit.  Ahoc.  at  FlfinoQtli. 
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0  _  Abbot  that  proved  unoonformability.  And  I  oould  only  agree  witb 
5.  Jakee  that  concealed  disturbances  and  faults  would  account  for  all 
E     the  phenomena  there  to  be  observed.^ 

5:  The  promontory  of  Torquay  and  Babbacombe  Well  shows  the 
a  great  disturbances  to  which  the  beds  have  been  subjected.  The 
clifEis  are  for  the  most  part  abrupt,  and  they  can  only  be  studied  by 
the  aid  of  a  boat.  In  the  quarry  at  Hope's  Nose  nearly  horizontal 
r  beds  of  limestone  may  be  seen  resting  on  the  upturned  edges  of 
similar  rock,  in  such  a  manner  that  a  first  glcmce  would  seem  to 
show  an  undoubted  case  of  unoonformability.  It  requires,  however, 
bat  little  examination  to  prove  that  this  feature  is  the  result  of 
a  fault  acting  on  the  disturbed  beds  of  limestone,  and  whose  hade 
is  inclined  inwards  from  the  face  of  the  quarry.  The  contortions 
throughout  the  Torquay  district  are  very  great,  and  the  faults  are 
numerous.  In  one  instance  the  beds  are  clearly  reversed,  as  Mr. 
Champernowne  has  pointed  out.^ 

At  Meadfoot  are  beds  of  slate  and  grit  which  show  considerable 
metamorphism.  Some  of  the  large  masses  strewn  along  the  shore 
well  exhibit  the  phenomena  of  cleavage,  bedding  and  jointing.  The 
precise  relation  of  these  beds  to  the  limestone  is  not  clear  owing  to 
numerous  faults,  but  I  think  we  have  in  them  representatives  of  the 
lower  portion  of  the  slaty  series  oi*  the  junction  beds  with  the  red 
sandstone  group. 

Some  hard  grits  that  occur  near  Christ  Church,  Ellacombe,  and 
near  Upton  Church,  also  north  of  Hope  Farm,  reminded  me  of  the 
Millstone-grit. 

These  notes  are  scanty,  but  they  may  not  be  without  their  use. 
A  study  of  what  has  been  written,  and,  more  important  still,  the 
recent  field-researches  of  Mr.  Champernowne,  indicate  that  the  fact« 
to  be  obtained  near  Newton  Abbot  and  Torquay  may  be  applicable 
to  the  whole  of  South  Devon ;  and  the  structure  may  therefore  be 
much  simpler  than  is  generally  thought,  or  than  the  observations  of 
Dr.  Holl  would  lead  us  to  suppose.^ 

Much  has  been  written,  and  especially  by  Mr.  Etheridge,  about  the 
correlation  of  the  beds  by  fossil  evidence;  but  it  is  needless  to  observe 
that  until  the  stratigraphical  relations  of  the  beds  have  been  worked 
ont,  the  organic  remains  cannot  be  taken  as  evidence  for  classifica- 
tion. The  work  of  Phillips,  which  will  always  be  highly  valued 
for  its  specific  identifications,  contains  few  references  to  the  exact 
horizons  from  which  the  species  were  obtained.  Much  of  the  col- 
lecting must  therefore  be  done  afresh,  and  here  is  plenty  of  work  for 
the  resident  geologist  We  cannot  have  too  many  lists  of  fossils 
recording  the  precise  beds  and  localities;  for  by  these  means  only  can 
we  determine  the  succession  of  life  forms,  and  arrive  at  any  conclu- 
sions as  to  the  geographical  distribution  of  the  species.^ 

*  Notes  on  parta  of  S.  Devon,  etc.,  p.  7.  See  also  Geol.  Mao.,  Dec.  II.  Vol. 
III.,  Oct.,  1876.  »  Trans.  Devon.  Assoc,  for  1S74. 

*  Quart.  Journ.  Geol.  Soc,  vol.  xxiv.  p.  400. 

*  I  trust  that  Mr.  J.  £.  Lee  may  oe  tempted  to  publish  a  catalogue  of  the 
Devonian  fossils  in  his  collection. 


utm-iUemarea  n 

So  Far  as  one  oun  judge  at  present,  tho  evidence  cerbuuly  hmaa  \ 
fhe,  views  of  Jiikex,  that  tlie  bnsemeiit  bods  of  the  DevoQiao  tx^M  I 
are  truly  Old  Reil  Sandetoue,  wLile  the  RUcoeeiJing  slateB  tuti  Um^ 
Btones  wero  formed  during  what  wq  call  the  Loiver  Carbonifetw 
period,  and  in  a  different  awlogical  province  to  the  Moiinlaia  Linw- 
rtoiie  of  other  jtarlB.  The  view  that  t tie  entire  series  of  the  Devoniii 
rocks  -woe  deposited  during  the  enme  period  as  the  Old  Btd 
fiandstone  is  eutirely  unsupported  by  physical  or  stratigrapbicJ 
•vidence.  for  it  requires  a  barrier  to  have  existed  &t  the  uob 
■eparatiug  a  lacustrine  from  a  purely  mnrine  nrca,  and  of  thi«"« 
liave  not  the  slightest  evidence  And  indeed,  just  where  we  Aovli 
look  to  Uni  it,  we  come  aci-osa  the  mass  of  Limpstoue  at  Canningtoo 
Park,  which  some  ob«ervera  call  Carbon ifo reus  Limestone  and  sotn* 
Devonian  Limestone.     Perhaps  Iwth  views  may  be  rig-ht. 

I    CcUl-MEASrEES 

lij  Tlesiemt  IlEin,  P.G.S., 

of  the  Geologicjii  Surrey  of  Eojcland  uid  Wales. 

(Conimunk'atcd  tiv  pemiisBion  of  llie  Direttor-Oenersl  of  tie  Geola^cal  Snrrrj  li 

the  United  Kingdom.) 

IN  the  course  of  an  examination  of  tJie  district  arotind.  Chudlcigfa 
during  the  year  1875.  I  was  led  to  consider  that  there  is  a 
passage  from  the  Devonian  Limestone  into  the  Ciilni-ineasui-es,  «nil 
that  nil  the  aiipeaniiiecs  wliich  li^ive  bi".'ii  jicrf'pteil  us  indicfiTiu.;  itr- 
conformability  may  be  easily  accounted  for  by  a  fault  with  a  con- 
siderable hade. 

The  peculiar  position  of  the  Chudleigh  Limestone  has  led  to  rosny 
hypotheses  in  explanation  of  the  manner  in  whicli  it  appears  to  abut 
against  the  Cului-ineasures,  Sir  Henry  De  la  Beche,  judtjing  from 
the  apparent  dip  of  the  Culm-measures  beneath  the  Devonian  rocks, 
considered  that  the  Limestone  was  included  in  the  Carbonaceous 
Series,  and  aa  such  it  was  engraved  in  his  published  sections  and 
coloured  in  the  Geological  Survey  Map. 

Mr.  Godwin-Austen  and  most  subsequent  writers  have  recog- 
nized the  identity  of  the  limestone  of  Cliudleigh  with  that  of  Newlon 
Abl>i)t,  bnt  have  considered  that  there  is  evidence  of  nuconform- 
ability,  and  have  drawn  hypothetical  sections  in  support  of  this  view. 

The  following  fossils,  which  I  collected  from  the  limestone  in  tbe 
neighbourhood  of  Chudleigh,  correspond  closely  with  those  to  he 
found  near  Newton  Abbot.  The  B|)ecies  have  been  identified  by  Mr. 
Elheridge  :^ 

Lower  Dunscombe  Quarry  (upper  part  of  the  limestone)  : 

Rhijiii-lianilla  piit/i-un.  Mart.  sp.  I  Strtpiarhynehiis  ereniilria,  Phil. 

„  mboide;  Sbr.  {  Ftmtltllx.  ■ 

AlTinxi.  6p.  *  .  Cyrtacerai. 

„     relieularii,  Linn.  ap. 

Kerawell  Quarry  (middle  or  lower  part  of  the  limestone) : 

Slromalopoiii.  I  Jfc/iolilti  parota,  Goldf. 

fhialhophijllum  cimpiioium,  Goldf.  AlrtotUri  fabarUnilnrit,  Lamk. 

r«voiiil,i  nrvicornii,  Edw.  PuUaitra. 
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Aeroeulia  vttustm^  Phil. 
Murehisonia  angulatUy  Phil. 

„  spinotaf  Phil. 

Natiea  ? 


Smmphahu  t$rp$nty  Phil. 

Maeroeheiiut  ? 

Fleurotomaria  cirriformiSf  Sby. 


Prof.  Phillips  and  Mr.  Jukes  suggested  the  existence  of  a  fault, 
and  a  detailed  examination  of  the  ground  has  enabled  me  to  trace 
a  dislocation  which  will  without  difiGiculty  account  for  the  apparent 
nnoonformability. 

Unfortunately  sections  of  the  junction  of  the  Culm-measures  and 
Devonian  Limestone  are  rare,  but  in  the  road  south  of  Lewell 
House,  near  Chudleigh,  we  have  an  exposure  which  has  every 
i^pearance  of  a  passage.  The  upper  pai*t  of  the  Limestone  is  seen 
to  become  more  and  more  shaly,  then  to  pass  into  alternations  of 
shale  and  limestone;  and  gradually  grit,  at  first  fine  grained,  replaces 
the  calcareous  beds.  Still  higher  there  is  thick-bedded  sandstone 
like  that  in  the  lower  part  of  the  Culm-measures  of  Ugbrowko  Park. 
The  upper  part  of  this  section  is  not  clearly  exposed,  though  it 
seems  to  indicate  a  passage. 

At  Lower  Dunscombe  Quarry  the  Limestone  again  passes  into 
limestone-shale  containing  Clymenta  valida  and  C.  striata  (as  identi- 
fied by  Mr.  Etheridge).  Unfortunately  the  junction  with  the  Culm- 
measures  is  not  exposed;  but  as  far  as  can  be  judged  from  the  stones 
in  the  adjoining  fields,  it  is  similar  to  that  shown  in  the  last  sectiou. 
It  is  noticeable  that  the  species  of  Clymenta  have  not  been  found  in 
the  solid  limestone,  but  only  in  the  few  feet  of  calcareous  shales 
above  it. 

A  more  diflScult  question  has  arisen  from  the  abrupt  ending  of  the 
Limestone  on  the  west  of  Chudleigh  and  its  sudden  replacement  by 
Culm-measure  shales.  The  small  patch  at  Waddon  Barton  is  nearly 
horizontal,  and  entirely  surrounded  by  green  and  purple  Devonian 
slates ;  the  isolated  position  of  this  limestone  is  caused  by  de- 
nudation, and  a  slight  flexure  of  the  beds  will  connect  it  with  the 
main  mass.  A  short  distance  to  the  west  a  fault  runs  in  a  north 
and  south  direction,  throwing  down  Ciilm-measures  against  the 
slates ;  this  fault  I  have  traced  northward  to  Wliiteway  House, 
where  the  Limestone  and  Culm  Shales  are  thrown  together.  The 
fault  then  disiippears  beneath  the  Triassic  rocks  of  Ualdon,  ap- 
parently without  affecting  them.  To  the  south  the  dislocation  can 
be  traced  to  near  Lower  lierkley,  beyond  which  I  have  not  ventured 
to  continue  it,  as  there  are  only  slates  and  shales  for  guidance. 

Mr.  Godwin-Austen,  in  his  "  Geology  of  the  South-east  of  Devon- 
shire," mentions  a  well  dug  at  the  house  on  the  west  side  of  Chud- 
leigh rock.  This  sliowed  about  fifteen  feet  of  horizontal  carbonaceous 
shales  and  sandstones  resting  on  highly  inclined  claret-coloured  slates 
dipping  in  the  same  direction  as  the  Chudleigh  Limestone.  Mr. 
Austen  considers  that  this  is  an  instance  of  unconfonnability  ;  but  on 
quite  independent  evidence,  and  before  I  had  noticed  the  account  of 
this  well,  I  had  been  led  to  trace  the  fault  through  this  exact  spot. 
A  considerable  hade  to  the  fault  will  account  for  all  the  appearances 
in  this  and  some  other  sections  noticed  by  Mr.  Austen  and  Sir  Henr^ 
De  la  Beche. 


VIII. — Geologi  of  the  Isle  op  Mas. 
By  Hekut  H.  H. 

{Cendndid /ran  pt^t  4130 

rmy  former  note  I  adduced  the  reasons  which  m&ke  me  confideil 
that  the  conglomerates  of  the  south  of  the  Isle  of  Man,  vLiii 
have  l)e«a  hitherto  classed  ns  Devouinn,  nre  not  DovoniaD,  bnt  an 
later  Hian  the  Carboniferoue  Period.  I  will  now  turn  to  the  jiroblea 
of  what  they  really  are.  It  is  a  well-known  fact  that  in  the  lale  rf 
Man  tho  Secondary  and  Tertiary  rocks  are  wholly  absent.  Thi*  ii 
the  view  of  all  those  who  have  examined  the  island,  and  is  ia  ^ 
perfectly  palpable.  The  series  of  older  rocka  tenninatea  with  tb* 
upper  lajors  of  the  Carboniferous  Limestone ;  abovo  this  thtn 
are  nothing  bnt  deposite  of  Quaternary  Age.  The  red  cod- 
glomerute  to  which  I  have  referred  contains  no  trace  of  any  Second- 
ary or  Tertiary  fosuils,  nor  is  there  the  snialleet  ground  for  believing 
that  it  belongs  to  either  of  thoss  series.  Does  it  then  belong  to  tlie 
Quaternnry  beds  ?  This  conclusion  is  inevitable,  and,  aa  we  shall 
Bee,  is  an  exceedingly  int«reBting  one. 

Tho  deposits  of  ihe  Pleistocene  age  are  developed  in  the  Isle  of 
Man  on  a  very  large  scale,  anil  the  series  msiy  be  there  studied  in 
detail,  and  especially  the  Boiilder-clay  formation.  One  of  tie 
peculiarities  of  the  Bonlder-clsy  in  the  Isle  of  Man  is  the  largs 
proportion  of  local  or  insular  materials  that  have  built  it  up. 
This  has  been  noticed  by  Mr.  Curaming  (ojt.  cii.  page  113). 

Here  lot  me  make  a  small  digression.  If,  as  is  almost  certain, 
the  mntrix  in  which  the  boulders  are  imbedded  was  formed  out  of 
the  subjiiceiit  rocks,  ground  down  and  pulverized  by  moving  ioe, 
it  is  quite  clear  that  what  will  be  clay  in  one  situation,  vrbere  tlie 
matcrinJB  for  making  clay  exist,  will  be  an  entirely  different  sub- 
stance elsewhere.  That  the  same  sheet  of  shore-ice,  which  in  sciai)- 
ing  over  tJie  upturned  edges  of  Silurian  schists  makes  excellent  clay, 
will,  within  a  few  yards  of  the  same  place,  and  perfectly  contem- 
poraneously, be  making  a  bed  of  a  pasty  texture  out  of  the  Mountain 
Limestone  immediately  adjoining,  while  if  it  was  ploughing  down 
the  surface  of  Secondary  and  Tertiary  rooks,  tlie  resulting  product 
■would  again  be  different.  I  don't  know  (and  claim  the  privilege  of 
a  mere  student  in  suggesting)  but  it  may  be  that  those  who  haie 
mapped  out  the  Quaternary  Deposits  of  Eiimpe  have  not  sutHcientlj 
attendcil  to  this  cnicial  fact,  naiut-lj',  iJjiit  Wivy  hiivelcLikod  foj-iioulder- 
clay  where  no  clay  could  possibly  be  found,  and  that  they  have  placed 
on  a  different  horizon  some  really  contemporaneous  bed  made  of  dif- 
ferent materials. 

Ill  tlie  Isle  of  Man,  at  all  events,  we  must  take  this  fact  info  con- 
sideration, and  we  have  our  lesson  very  palpably  laid  down  for  US. 
Where  the  basset  edges  of  the  schists  are  exposed,  we  find  the  ad- 
joining drift  deposits  to  be  almost  pure  clay.  Where  these  beds 
change  colour,  so  do  the  superincumbent  clays.  Where  we  near  the 
horizontal  beds  of  limestone  deeply  scored  in  various  directions,  we 
find  more  and  more  lime  in  the  clay,  which  becomes  a  veritable  tilth, 
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as  my  friend  Mr.  Binney  calls  it ;  and  lastly,  we  have  beds  evidently 
contemporaneous  with  and  made  under  precisely  the  same  conditions 
as  the  Boulder-clay  proper,  composed  of  a  kind  of  soft  pudding-stone, 
of  boulders  imbedded  in  a  matrix  not  of  clay,  but  of  disintegrated 
limestone. 

The  proportion  of  lime  from  the  clay  in  various  parts  of  the 
island  is  given  by  Mr.  Cumming  in  Appendix  I.  of  his  work,  and 
fully  confirms  this  argument,  and,  as  that  author  says,  ''  indicate 
the  extremely  local  character  of  the  contents  of  a  great  part  of  the 
Boulder-clay."     (Ibid.  p.  306.) 

Let  us  now  turn  once  more  to  the  red  conglomerate.  Superfi- 
cially it  will  be  conceded  by  those  who  see  it  that  it  resembles  an 
indurated  Boulder-clay  formation  of  a  red  colour.  This  was,  in  fact, 
remarked  by  Mr.  Cumming,  who  says  of  it  at  one  place,  "  It  looks 
extremely  like  a  consolidated  ancient  Boulder-clay  formation,  only 
there  is  more  approach  to  regular  bedding,  more  regularity  of  strati- 
fication, as  in  the  drift-gravel  deposits."  {op.  ciL  8-9.)  The  word 
**  ancient"  in  this  extract  must  be  accepted  as  covering  Mr.  Gumming's 
theory  in  regard  to  the  deposit ;  while  as  to  the  regularity  of  the 
layers  of  boulders,  this  is,  I  take  it,  in  a  great  measure  imaginary. 
1  noticed  no  such  peculiarity  except  in  very  local  instances.  The 
red  colour  I  have  already  explained  as  resulting  from  the  formation 
being  made  up  of  disintegrated  local  rocks  of  an  ochreous  colour. 
Where  the  schists  and  limestones  are  not  purple,  the  conglomerate 
exists  without  its  red  colour,  and  I  have  specimens  by  me  showing 
the  gradation  from  a  perfectly  grey  pudding-stone  of  limestone  to 
one  quite  russet  in  colour.  The  inclosed  blocks,  as  I  said  in  my 
former  paper,  consist  for  the  most  part  of  boulders  of  the  adjoining 
limestone,  many  with  their  edges  hardly  rubbed  at  all ;  and  the 
ivhole  deposit,  but  for  its  colour  and  tenacity,  is  very  like  the  mass 
of  undoubted  Boulder-clay  forming  Hango  Hill,  in  the  centre  of  the 
Bay  of  Castletown. 

The  situation  of  the  conglomerate  is  also  that  of  a  drift  deposit 
It  caps  the  hills  and  higher  ground,  as  at  the  Brough  and  at  Langness 
Point,  and  at  the  latter  place  may  be  studied  in  close  proximity 
to  similar  deposits  without  the  red  colour,  which  have  been  de- 
scribed by  Mr.  Cumming  as  Boulder-clay.  In  every  sense  I  believe 
therefore  the  red  conglomerate  to  be  a  glacial  deposit,  and  in  no 
sense  a  Devonian  one ;  and  as  such  a  striking  example  of  the  law 
prevailing  among  the  glacial  deposits  of  the  island  in  "  changing  in 
composition  and  tallying  in  chemical  character  as  well  as  in  litho- 
logical  appearance  and  colour  with  that  of  the  adjacent  rock." 
(Cumming,  op.  cit.  p.  113.) 

I  have  not  yet  referred  to  what  seems  to  me  the  most  important 
result  of  this  rectification,  and  which  indeed  induced  me  to  pro- 
secute my  inquiry.  I  have  said  that  the  conglomerate  differs  from 
an  ordinary  Boulder-clay  deposit  in  one  important  respect,  namely, 
in  its  compactness  and  solidity.  This  quality  it  shares  with  much 
of  the  grey  conglomerate  with  which  I  have  compared  it  The 
cause  of  this  density  we  must  now  inquire  into.    One  horn  of  Castle- 


town  Bny  is  occujiied  by  n  famoua  basaltio  boss,  knoTm  as  the  Stack  I 
of  Scarltit.  From  tbia  boss  lines  of  trap  emerge  in  Bporaiiic  fai^iioa 
and  may  be  traced  in  various  directious,  especially  about  the  pro- 
montory of  LangnesB.  in  DerbyhaTen  Bay,  and  at  CiialmabaTia 
Whore  they  have  burst  through,  they  have  naturally  altered  the  roA 
Tery  considerably.  It  has  in  some  places  so  altered  the  Hmesttme 
tluit  it  is  imjwBsible  to  see  any  limit  where  trap  ends  and  limsstone 
begins.  In  another  place,  namely,  close  to  Eonaldsway,  between 
high-  and  Iow-wat«r  mark,  it  has  broken  it  up  into  rbomboitJal 
blocks  by  cracks  running  S.  40"  W.  and  S.  30°  E.  But  tbe  mela- 
morpbism  is  more  important  elsewhere.  Let  mo  quote  the  grapluc 
wonis  of  Mr.  Gumming  himself: 

"  There  is  one  remarkable  fact  which  should  not  be  orerlooked. 
which  is,  that  the  Bouldcr-clay  itself  seems  in  some  measure  to  haTe 
partnl;en  of  the  metamorphosed  character  of  the  limestone.  Patches 
of  it  here  and  there  are  hardened  and  cemented,  and  present  a 
baked  appearance,  and  have  resisted  the  action  of  the  eea.  It  is 
difficult  to  detci-mine  whether  this  has  resulted  from  long  contact 
with  tbe  ochreous  mass  of  altered  limestone,  or  from  the  escape  of 
healetl  ^ases  at  some  period  of  the  Boulder-clay  through  crocks 
formed  by  the  previous  disturbances  which  we  must  thence  clasa  as 
belonging  to  the  Boulder  period."  (op.  cil.  p.  100.)  The  difficully 
euggestcd  by  Hr,  Cumming  exists  only  so  far  as  I  con  s&e  because 
of  his  classing  the  red  eoiift'onierate  as  Devonian.  If  he  bad  seen 
thnt  it  \v:is  in  fa^t  l,i:t  jin  sittirvi  gluoi.Tl  deposit,  but  one  CQnclusi<n 
would,  it  seems  to  me,  have  been  possible.  Let  me,  to  illustrate  my 
position,  quote  one  more  passage,  and  although  a  long  one,  it  shall 
be  the  last.  Speaking  of  the  great  trap  dyke  at  Langness,  Mr. 
Gumming  says  : — "  The  ground  plan  of  it  is  well  worthy  of  s 
minute  study,  and  the  contrast  of  colour  of  the  two  rocks  (the 
green  or  olive-coloured  trap  and  the  red  conglomerate)  renders  the 
phenomena  distinctly  visible  to  even  an  ungeo)og:cal  eye.  The  trap 
seems  to  shoot  out  in  one  strong  body  from  the  schist  to  the  east- 
_.ward,  and  may  bo  seen  as  a  dyke  of  the  breadth  of  furty-fivo  feet, 
where  it  runs  out  to  sea,  on  tbe  eastern  side  of  the  peninsula  ;  but 
aa  soon  as  it  enters  upon  (he  old  red  conglomerate  (sic)  which  over- 
lies the  Bcliist,  we  find  it  separating  into  branches  and  twisting  about 
amongst  tbe  pebbles  and  boulders  of  that  formation  in  a  most 
singular  manner.  Some  of  these  branches  taper  off  to  an  extreme 
thinness.  We  can  trace  them  by  tbe  colour  till  they  are  scarcely 
■  the  thickness  of  a  wafer.  Now  on  the  opposite  side  of  tbe  bay,  .it 
Knockrusben,  we  see  this  dyke  where  it  cuts  through  tbe  limestone 
in  the  sftmo  solid  and  compact  form  which  it  lia.>i  where  it  cuts 
throngh  tbe  schist.  Tliere  are  there  to  be  sure  two  or  three  straight 
cracks  in  tbe  limestone,  which  have  been  filled  up  by  the  fluid  trap 
injected  from  this  dyke ;  bnt  the  general  fact  which  we  must  observe 
is  this,  that  in  the  schist  and  tough  limestone  the  trap  dyke  is  com- 
pact ;  in  the  old  red  conglomerate  it  is  spread  out  and  branching. 
^&^  thus  we  come  to  the  conclusion  that  the  fluid  trap  was  forced 
HBfcrd*  with  enormoos  force  ttvTOM^U  the  wihist ;  that  when  on  its 


Trof.  Milne — Across  Europe  and  Asia.  459- 

ascent  it  reached  the  more  permeable  and  separable  beds  of  the  old 
red  conglomerate,  tied  down  as  they  are  by  the  tougher  masses  of 
limestone,  it  spread  itself  out  and  ultimately  raising  the  limestone 
in  a  boss  or  saddle,  produced  a  crack  or  series  of  cracks,  and  so 
forced  its  way  through  the  opening  to  the  surface."  With  this 
passage  as  a  description  of  facts  I  do  not  quarrel ;  but  I  cannot  at 
all  agree  with  its  inferences.  If  the  conglomerate  was  of  Devonian 
age,  as  Mr.  Gumming  suggests,  and  the  trap  dyke  in  passing  through 
it  was  broken  up  into  many  small  channels,  it  seems  impossible  that 
it  should  have  again  become  concentrated  into  one  or  two  main 
streams  in  passing  the  limestone.  But  if  the  conglomerate  be  as  I 
claim  to  have  shown,  of  Glacial  age  and  long  posterior  in  date  to  the 
limestone,  the  appearances  so  truthfully  and  graphically  described 
by  Mr.  Gumming  are  at  onoe  clear  and  very  interesting.  The 
streams  of  trap  permeating  the  red  conglomerate  make  it  almost 
certain  that  the  outbursts  of  the  trap  and  the  activity  of  the  volcanic 
vent  at  Scarlet  Point  were  posterior  to  the  deposit  of  the  Bonlder- 
clay,  and  we  thus  add  another  remarkable  example  to  the  list  of 
volcanos  active  within  the  British  seas  in  post-Tertiary  times. 
Although  only  an  amateur  geologist,  I  hope  this  may  be  deemed  a 
fact  of  sufficient  importance  to  excuse  my  intrusion  into  your  pages. 

TX. — Across  Europe  akd  Asia. — Travelling  Notes. 

By  Professor  Johx  Milne,  P.G.S.  ; 
Imperial  College  of  Engineering,  Tokei,  Japan. 

(Continued  from  p.  406.) 

Part  V. — Ekaterinburg  to  Tomsk, 

CoxTEXTS. — Ekaterinburg  to  Tumen. — Tumen  to  Tomsk  (along  the  Toufa,  Tobol, 
Irtish,  and  Obi). — 'L'hc  Ostiacks. — Character  of  the  Siberian  Steppes. — Theory 
of  their  Origin. 

ON  Wednesday,  the  22nd  of  September,  I  left  Ekaterinburg  for 
Tumen,  where  I  hoped  to  catch  a  steamer  going  to  Tomsk. 
For  a  short  distance  after  starting,  the  road  was  bounded  by  tall  firs. 
Beyond  these  came  a  few  hill-like  mounds  covered  with  large  grey 
weather-worn  boulders,  the  appearances  of  which  were  not  unlike 
those  of  some  ancient  terminal  moraines.  These  boulders  were  the 
only  ones  which  J  saw  during  the  whole  of  my  journey  across  Siberia. 
From  their  similarity  to  the  rock  of  the  country  which  here  and 
there  cropped  up  through  its  covering  of  peat  and  grass,  I  think  they 
must  have  been  of  local  origin  ;  but  whether  this  origin  was  in  any 
way  connected  with  the  action  of  ice,  through  not  having  made  any 
close  examination  I  am  unable  to  form  any  conclusion.  For  the  re- 
mainder of  the  road  the  land  on  either  side  was  under  cultivation,  and 
was  yellow  with  fields  of  stubble  and  st^icks  of  com.  Now  and  then 
I  passed  a  village  of  log  huts.  In  each  of  these  a  church,  with  a 
towering  dome,  surrounded  by  many  smaller  domes,  was  conspicuous 
among  the  poverty  above  which  it  rose.  At  many  of  the  houses  in 
the  villages  of  this  part  of  Sil)eria  the  inhabitants  had  been  at  some 
pains  in  building  small  box-like  houses,  which  were  raised  on  the 
top  of  poles,  in  order  to  induce  sparrows  to  locaXvL^  \^«ai&^N^^. 
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Along  the  roads  there  were  uunibere  of  birds  like  QUig|iie».  waut- 
wagtoile,  nnd  u'ooJpecken,  but  these  were  perhaps  not  va  detioUl 
as  the  sparrows.  After  ^6  hours  of  oontinuous  travelling,  1  teacbil 
Tumen,  the  distunce  being  806^  versts. 

At  Tumen  tliere  are  some  engineering  works,  which  belong  tn  Si. 
Wardroper,  an  English  resident,  who  has  made  many  of  tbo  tlmcfn 
of  light  draught  wliicli  ore  now  so  numerous  on  some  of  the  Siboiu 
rivers.  The  evening  after  my  arrival  1  joined  a  sniall  BteM« 
which  was  to  take  us  down  tlie  sliallowpr  portions  of  tli«  Siw 
Toufa  to  a  larger  steamer  lying  further  down.  Upon  Ih*  right  Uni 
or  Bouthem  side  of  the  river,  there  is  a  bank  from  50  to  80  fe«i  ii 
height,  which  is  chiefiy  composed  of  whito  saiid.  The  oppcsiu 
shore  is  hawe^'er  low.  As  we  desce^ided  the  river,  these  appe«ruK« 
were  reversed,  and  tlm  high  bank  was  upon  the  left-lioad  side.  Til 
Toufa  is  a  shallow  sandy  river,  with  a  very  winding  course-  Iiiiu< 
of  willows,  which  clothed  tlie  furrowed  banka  on  either  side,  dnt 
(jut  our  view  of  the  surrounding  courktry, 

Our  progress  was  both  slow  and  difficult,  but  this  was  part); 
owing  to  our  steamer  having  to  tow  l>ehind  it  a  large  and  unwieldj 
barge,  in  which  there  were  nearly  1000  convicts.  Now  ami  th0 
we  obtained  a  glimpse  through  the  barrier  of  willow  on  either  nin. 
and  saw  a  background  of  tall  black  firs  and  the  flickering  K-uvea  nf 
clumps  of  aspen.  On  this  river,  although  we  were  many  huiidradt. 
and  I  might  almost  say  thousands  of  miles  from  the  sea,  there  are 
many  sea-gulls  (Zartu  canas  f)  to  be  seen.  The  backs  of  these  wen 
grey  and  the  ends  of  their  wings  black. 

Early  on  the  morning  of  the  20tU  September  we  left  the  Touf» 
river  and   iiiincd   the  Tobo!.      The  wntor  was  atili  of  tho  same  dim 
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virhich  trends  across  tbe  country  like  some  huge  embankment. 
EHirther  to  the  north  this  ridge  forms  the  eastern  bank  of  the  river ; 
but  on  reaching  the  point  at  which  Tobolsk  is  situated,  it  turns 
suddenly  and  bears  away  almost  at  right  angles  to  its  previous  direc- 
tion. It  is  in  fact  an  abrupt  termination  to  a  plateau,  on  the  top 
of  which  one  portion  of  Tobolsk  is  built,  whilst  the  other  portion  of 
the  town  is  below. .  Whilst  we  were  still  at  a  distance,  many  church 
mires,  white  barracks,  and  various  public  buildings  could  be  dis- 
tmotly  seen.  As  we  neared  these,  we  left  the  muddy  waters  of  the 
Tobol,  and  joined  the  clear  black  waters  of  the  Irtish.  As  we  had 
a  few  hours'  rest  at  Tobolsk,  I  had  opportunity  for  seeing  the  town. 
One  thing  I  soon  observed  was  that  stone  was  a  substance  which  was 
only  known  in  name,  and  wood  took  its  place  even  on  the  pavement. 
A  steeply  sloping  deep  cutting  connected  the  lower  part  of  the  town 
-with  the  upper  part,  which  is  on  the  summit  of  the  plateau.  This, 
like  the  streets,  was  covered  with  wood.  Excepting  at  this  cutting, 
and  at  another  point  where  stairs  have  been  built,  the  scarp-like  face 
of  the  plateau  is  too  steep  to  be  ascended.  Everywhere  in  the 
-vicinity  of  the  town  this  scarp  consists  of  a  whitish-grey  sand.  In 
the  upper  part  of  the  town,  in  some  public  gardens,  I  saw  a  monu- 
ment erected  to  the  memory  of  Yermack,  the  first  invader  and  so- 
called  conqueror  of  Siberia.  Another  curiosity  on  the  top  of  the 
hill  was  one  of  the  monuments  of  folly  which  John  the  Terrible 
left  standing  behind  him.  This  is  a  bell  which,  on  the  occasion  of 
one  of  his  human  butcheries,  was  either  ringing  when  it  ought  not 
to  have  rung,  or  else  was  not  ringing  when  it  should  have  done. 
For  this  it  suffered  exileship  instead  of  those  who  had  thus  misused 
it,  and  after  having  a  small  piece  broken  from  it,  was  sent  to  Siberia 
with  orders  that  never  so  long  as  it  W6»  a  bell,  was  it  to  ring  again. 
After  looking  at  the  lower  portion  of  the  town,  where  the  greater 
part  of  the  business  is  transacted,  we  rejoined  the  steamer,  and  were 
again  under  weigh  steaming  rapidly  down  the  Irtish  towards  its 
confluence  with  the  Obi.  From  this  point  we  now  had  upon  our  right 
hand  or  eastern  side  the  steep  slope  of  what  I  will  call  the  Tobolsk 
plateau.  This  was,  however,  not  quite  so  high  as  it  was  at  Tobolsk, 
and  in  places  perhaps  not  more  than  100  feet.  Near  its  base  bluish 
clayey  beds  sometimes  cropped  up.  As  we  continued  northwards, 
villages  became  fewer,  and  it  soon  became  a  matter  of  interest  even 
when  we  saw  either  a  small  boat  or  a  man.  On  our  right  we  had 
the  steep  earth  cliffs  capped  with  a  line  of  fir,  whilst  on  our  left 
were  banks  of  willows,  and  a  fringe  of  tall  straight  grass.  As  we 
continued  to  descend,  the  river  increased  in  breadth,  which,  on  the 
28th  of  the  month,  must  have  been  at  least  a  quarter  of  a  mile  wide. 
On  the  eastern  side,  we  passed  the  entrances  to  many  lagoon-like 
areas,  filled  with  water.  These  I  believe  were  in  many  cases  openings 
across  the  bends  in  the  river.  Now  and  then  we  stopped  and  hauled 
in  alongside  the  bank  to  obtain  firewood.  This  was  generally  done 
in  the  vicinity  of  a  small  village,  the  dirty  inhabitants  of  which, 
shivering  in  their  tattered  sheepskins,  giving  us  some  assistance. 
At  these  places  I  had  opportunity  to   examine  the  bankE  q£  ^^ 
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y  liver,  which  were  in  fact  sections  of  the  great  alluviitl  plain  d  d> 

..portion  of  Siberia.     These  sections,  which  are  genvrallv  loailciiffl' 

■*  fine  snnci,  now  contained  in  nildition  sowe  bands  of  a  Uuiib  ^i 

■  This  day,  which  whs  very  slippery  (o  walk  od,  and  plairfi 

'  nature,  could  i)e  often  seen  to  merge  into  the  saud;  b«d*  i 

'which  it  was  iulercalated. 

'        On  the  29th  I  was  fohl  that  we  hnd  ent«red  the  OU.     For  mm 

.  time  a  dense  fog  prevented  me  from  seeing  where  »-e  were.    0» 

I  thing  was,  however,  certain — that  we  now  had  a  strong  camntiA' 

ning  in  a  contrary  direction  to  that  in  which  we  were- Kteamii;. 

When  the  mist  cleared,  I  saw  myself  in  a  stream  about  Ihrec-quanrn 

of  a  mile  in  breadth,  bounded  by  banks  ten  to  fourteen  feel  In  beij^ 

On  the  30tb  we  drew  up  to  take  in  wood  near  the  village  of  &«• 

goot  (or  Surgut),  the  position  of  which  was  indicated  by  a  cliunk 

tower  a  few  miles  distant.     Here  I  saw  »  number  of  Ostiack-'.  win 

came  with  liont  loads  of  fish  to  try  and  trade.     Some  of  ihi  &i 

they  had  were  like  scnall  pike,  and  called  "  stchooke  "  {Eaox  liin'u). 

These  wore  from  three   to  sin  lbs.  in  weighL     Others  tiioy  )»i 

■were  called  "ualym"  {Lota  vulgarU.) 

The  Oatiacks,  whom  I  frequently  saw  during  several  cuccM^i^ 
Jays,  were  short  iu  stature,  had  large  heads,  hea%-j  bodJM,  ib^ 
thin  legs.  Their  eyes,  which  point  inwards  ond  downwarda,  Bt 
not  deeply  sunk  in  their  heads,  but  are  .so  placed  that  the  ey»- 
lids  run  smoothly  up  to  the  eyebrows,  which  latter  are  well  up 
above  the  eyes  theiDBelves.  Notwithstanding  a  general  cliuhbiiicu 
in  their  face,  the  cheek-bones  ai-e  very  prominenL  Their  liaii  it 
long  and  black,  and  their  oomplexion  chocolate. 

Their  canoes  or  boats,  in  which  they  swnimed  round  our  ship, 
were,  from  their  graceful  appearance  and  lightness,  very  striking. 
Tlicy  are  cut  from  a  solid  block  of  wood,  which  I  think  is  a  kiaJ 
of  poplar,  [he  Bassian  name  of  which  is  "  oscena."  Both  stem  ud 
stern  are  sharply  pointed,  and  they  sweep  elegantly  from  end  to 
end.  A  miilship  section  is  nearly  semicircular,  but  at  either  end 
it  would  bo  V-i^haped.  The  sides  are  kept  from  shriukiug  iiiwsidf 
by  means  of  two  or  three  transverse  strelchers.  One  sniall  canoe 
which  I  measured  was  ten  feet  long,  one  foot  nine  inches  broad. 
and  nine  inches  deep  in  the  centre.  It  was  bo  light  thai  I  could  lift 
it  and  caiTy  it  easily  with  one  hand.  The  paddles  look  eomewhit 
like  spades,  there  being  at  one  end  a  large  flat  blade,  and  at  &t 
other  a  transverse  handle.     These  nre  only  used  on  one  side  of  the 

lliQ  dresses  of  these  people,  such  as  they  were,  were  made  of 
sheepskin,  and  of  a  coarse  brown  material  like  sackinj^.  It  mt, 
however,  difficult  to  ascertain  their  real  nature,  they  were  bo  toj 
dirty.  At  one  of  our  landing  places  I  saw  several  of  the  houses 
in  which  these  people  live.  One  which  I  examined  was  ahool 
twelve  feet  square,  with  peq)endicnlar  walls  about  three  f<e«t  higiL 
From  two  of  the  side  walls  there  was  a  sloping  roof,  meeting 
in  a  ridge  running  from  back  to  front,  making  the  bluest  point 
in  the  bouse  only  five  feet  eight  inches  in  height,      llie  frame- 
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work  of  this  edifice  was  made  of  rough  pine  sticks.  These  were 
stuck  in  the  ground,  and  over  them  a  covering  of  birch  bark  was 
laid,  which  was  kept  in  its  place  by  a  second  row  of  sticks.  The 
roof  was  covered  in  a  manner  similar  to  that  in  which  the  sides 
were  covered,  there  being,  so  to  speak,  two  rows  of  rafters  with 
birch  bark  in  between  them.  Along  the  line  of  the  ridge-pole  a 
long  narrow  opening  is  left  for  the  purpose  of  allowing  the  smoke 
from  the  interior  to  escape.  Some  of  the  birch  bark  was  doubled 
and  sewn  together  to  form  sheets  six  feet  square.  Along  the  edge 
of  these.sheets  an  extra  strip  of  bark  was  doubled  over  and  stitdied 
on  as  a  border,  for  the  purpose,  I  presume,  of  preventing  any 
aplitting  taking  place.  Many  of  the  utensils  in  the  house  were 
also  made  of  birch  bark.  With  the  exception  of  this  method  of 
using  bark,  and  also  the  neatness  exhibited  in  the  building  of  boats, 
so  far  as  I  saw,  the  remainder  of  their  works  were  coarse,  clumsy, 
and  untidy. 

This  portion  of  the  Obi  appears  to  form  their  southern  boundary, 
and  in  it  they  have  their  capital  called  Narim. 

In  many  places  along  the  borders  of  the  river  there  were  peaty 
marshes,  covered  with  moss  and  occasionally  with  trees. 

Thus  fJEir  along  these  rivers  I  do  not  remember  seeing  a  single 
pebble  or  stone,  the  only  hard  substance  which  I  could  pick  up 
being  a  few  small  nodules  of  sand  cemented  together  by  iron.  Every- 
\irhere  the  banks  showed  sections  of  sand,  sandy-mud,  and  a  bluish 
clay,  the  sand,  however,  always  predominating.  As  we  passed  small 
creeks  which  masked  the  mouths  of  tributary  streams,  the  beds  of 
sand  were  usually  capped  with  beds  of  mud,  which  had  probably 
been  deposited  by  the  stream  which  now  ran  over  them. 

On  the  4th  of  October  we  stopped  at  a  place  called  Eolpashovoe. 
At  this  place  one  bank  of  the  river  forms  cliffs  70  to  80  feet  in  height. 
These  cliffs  are  nearly  wholly  composed  of  white  sand,  but  near 
their  base  they  suddenly  merge  into  a  bluish  clay.  In  the  lower 
part  of  these  clayey  beds  I  saw  some  fine  lines  of  black  earthy 
matter  from  -^  to  ^  inch  in  thickness.  An  examination  of  these 
ahowed  them  to  consist  of  yellowish  green  particles  of  vegetable 
matter  resembling  a  flat-leaved  grass. 

Next  day,  the  5th  of  October,  we  reached  the  mouth  of  the  river 
Tom.  As  this  river  was  very  shallow,  we  had  to  leave  our  large 
steamer  and  join  a  smaller  one.  Along  the  shore  there  were  many 
bushy  trees,  on  which  a  few  autumnal  leaves  yet  fluttered.  Beyond 
these  trees  came  an  open  flat  country.  In  all  places  the  water  of 
the  river  was  rippling  and  eddying  along  with  a  current  that  proved 
itself  far  too  strong  for  our  little  steamer  and  the  bargeload  of 
convicts  which  we  had  to  tow  behind  us. 

The  bottom,  like  the  shores  on  either  side,  was  pebbly,  whilst  the 
water,  unlike  that  of  the  Obi,  was  quite  clear. 

On  several  points  along  the  shore,  and  noticeably  along  those  parts 
where  the  water  rises  and  falls  slowly,  there  was  a  red  deposit  of 
iron.  Upon  those  parts  up  to  which  the  waters  rapidly  reached  and 
afterwards  rapidly  receded  from,  as  would  happen  during  flood 
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times,  ito  deposit  bad  been  formed.  On  the  evening  of  the  Sit,  1 
WOB  wttrm  enough  to  go  outside  without  au  oveniOAt ;  but  wa 
morning,  as  we  sighted  Tomsk,  it  was  bitterly  cold,  and  our  ie^ 
vere  thialclj  covered  witli  ice.  The  time  at  which  the  Tom  geostUj 
lieaoiiiea  frozen  is  nbout  the  22nd  of  Oct'>ber,  and  it  theu  remsB 
dosed  until  about  the  20th  of  April. 

Before  proceeding  with  a  description  of  the  country  which  I  m« 
beyond  Tomsk,  I  wUI  give  my  impreasioiie  of  the  vast  plain  throng 
which,  since  leaving  Tumen,  I  had  been  traversing.  One  giwl 
feature  was  the  absence  of  variety,  in  consequence  of  whidi  nj 
daily  observations  became  almost  a  series  of  identities, — everynhot 
there  was  one  great  plain  composed  of  either  sand  or  loam  fonnin; 
tDore  or  less  of  on  open  Steppe. 

The  origin  of  these  Steppes,  according  to  Mr.  Thomas  Belt  a&l 
Kberian  geologists,  was  due  to  the  blocking  up  of  the  months  if 
the  gjeat  Siberian  rivers  by  an  overflow  of  polar  ice  from  fbo  norliit 
Hod  a  consequent  flooding  of  the  coimtiy  by  an  ovoifiow  of  the 
livers  in  the  south.  Mr.  Belt  chiefly  bases  this  view  on  observatitiai 
made  by  him  when  on  a  journey  from  Ekaterinburg  to  Byanovl, 
S60  miles  S.E.  from  Omsk. 

One  observation  which  was  apparently  very  quickly  made  wa» 
"  that  the  plains  had  no  relation  to  the  present  river-system ;  tb» 
rivers  simply  cut  tliroiigh  them ;  and  there  are  no  defined  river- 
basins  bounded  by  rocks  of  greater  age  on  which  they  might  haw 
been  deposited." 

This  simple  but  grand  method  of  dealing  with  the  river-syBtems 
of  Northern  Asia  and  their  boundaries,  which  are  hnt  little  l-elter 
explored  than  the  sources  of  the  Nile,  is  not,  I  think,  in  all  seaees 
justifiable ;  for  if  we  take  any  Physical  Map  of  Asia,  we  shall  s^e-^ 
th:it  the  river-systems  form  a  remarkable  example  of  the  conoexion 
of  rivers  and  plains,  which  can  be  only  paralleled  on  the  Aioazou^. 
Wherever  there  is  a  river,  and  especially  a  large  one,  a  broad 
phiin  accompanies  it  for  the  greater  portion  of  its  course.  As  it 
expands  in  flowing  north,  the  plain  also  expands.  The  widening  of 
these  plains  continues  until  they  touch  each  other,  when  they  unit* 
to  form  that  open  flat  e.ipanse  which  fringes  the  Arctic  Ocean. 

Tliat  every  river  has  a  tongue  of  flat  ground  through  which  it 
runs  is  a  fact  which  pointn  to  the  intimate  connexion  of  the  two 
(plain  and  river).  Such  a  fact  as  this  assists  in  making  Mr.  Belt's 
argument  more  comprehensible ;  for,  instead  of  being  led  to  regaid 
tlie  whole  of  Northern  Siberia  as  having  been  one  huge  freshwater 
lake,  the  area  of  which  would  be  unparalleled,  it  might  now  be 
regarded  as  several  areas,  each  occupying  more  or  less  its  own 
particular  basin. 

The  most  important  point  about  these  plains  is  the  immense 
expanse  of  sand  and  loam  which  they  everywhere  exhibit  The 
absence  of  marine  shells  and  the  presence  of  freshwater  shells  like 
Cyrena  fuminnlis  over  a  great  portion  of  the  area  furnish  strong 
evidence,  which  Mr.  Belt  brought  forward  in  support  of  his  argii- 
ment,  that  these  strata  were  deposited  in  fresh  rather  than  in  salt 
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water.  As  additional  evidence  to  these  conclusions,  I  may  add  from 
my  observations,  first,  the  finding  of  plant-remains  on  the  Obi  at 
Kolpashovoe,  and,  secondly,  the  fact  that  the  sand  and  loam  when 
examined  microscopically  show  a  sharp  angularity,  characteristic  of 
river-sand  rather  than  of  those  sands  which  had  been  washed  and 
rounded  in  the  sea.  The  samples  of  sand  and  loam  which  I  collected 
oame  from  districts  far  apart,  and  therefore  may  be  taken  as  repre- 
senting the  character  of  an  area  rather  than  that  of  a  single  spot 

As  culminating  evidence  in  support  of  this  theory,  Mr.  Belt  seems 
to  have  found,  at  Pavlodav,  *'  the  ancient  bed-rock  over  which  the 
loe  must  have  moved  if  it  existed,  and  saw  the  crushed  and  shattered 
surface  and  the  fragments  pushed  up  into  the  overlying  silt."  Now 
this  is  an  interesting  discovery,  because  it  is  so  strange  that  Mr. 
Belt  in  his  flying  visit  should  have  been  so  fortunate  as  to  have  met 
with  the  remains  of  glacier  action,  whereas  geologists  who  have 
been  working  in  these  latitudes  of  Siberia,  especially  near  Irkutsk. 
for  the  last  ten  years,  where  glaciers  were  more  likely  to  have 
occurred  if  an  ice-sheet  ever  advanced  so  far  as  Mr.  Belt  supposes, 
have  not  yet  been  able  to  find  any  signs  of  ice-action  greater  than 
those  which  are  annually  produced  by  the  freezing  of  the  river. 

Also,  if  such  a  cold  period  had  existed,  ice-rafts  must  have  scoured 
the  sides  of  this  great  lake,  and  carried  off  boulders  from  its  shores 
to  deposit  them  on  its  bed.  But  ice-markings,  such  as  are  produced 
upon  every  coast  invaded  by  floating-ice,  I  have  not  seen  nor  heard 
of,  neither  are  the  boulders  to  be  found, — the  country  is,  in  fact,  as 
I  have  pointed  out,  singularly  destitute  of  stones,  and  whilst  travel- 
ling more  than  1500  miles  in  parts  where  I  had  many  opportunities 
of  seeing  sections,  I  do  not  remember  seeing  even  a  single  pebble, 
although  I  looked  for  them.  Erraan  noticed  large  fragments  of 
rock  imbedded  in  clay  at  Samarova,  but  they  are  probably  not  very 
numerous,  as  I  passed  through  that  district  without  observing  them. 

Until  the  markings  of  old  glcwiers  and  coast-ice,  together  with 
erratic  boulders  and  allied  phenomena,  which  would  be  necessary 
adjuncts  to  the  invasion  of  a  polar  ice-cap,  and  the  formation  of  an 
inland  sea,  are  shown  really  to  exist,  or  else  have  some  explanation 
found  for  their  absence,  it  would,  I  think,  be  better  to  pause  before 
accepting  the  idea  of  an  invading  ice-cap.  Mr.  Campbell,  the  well- 
known  author  of  "  Frost  and  Fire,"  argues  that  if  polar  ice-caps  ever 
existed,  then*  markings  ought  to  be  found  in  all  meridians  alike,  and 
that  they  should  approximately  be  so  appears  to  be  a  reasonable 
argument.  What  is  more,  if  we  follow  out  such  an  argument  as 
that  of  Mr.  Croll,  who  shows  us  that  in  bygone  times  there  was  a 
glacial  period  produced  in  that  hemisphere  whose  winter  occurred 
in  aphelion  indirectly,  owing  to  its  having  been  at  that  time  further 
from  the  sun  than  it  is  at  pi*esent,  we  must  remember  that  the  same 
series  of  induced  causes  would  also  produce  a  general  lowering  of 
temperature  over  that  half  of  the  world  whose  crown  had  been 
capped  by  ice.  This  being  the  case,  glaciers  and  other  forms  of  ice 
existing  in  latitudes  below  the  crown  of  ice  ought  to  have  been 
considerably  augmented,  whilst  at  other  points  still  motOk  x^xckiCkN^^ 
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new  ones  might  be  boni.  Not  overlooking  the  oLsorvationE  of  Fm- 
feesor  Agassiz  on  the  Amazons,  and  thoBe  of  Mr.  Belt  in  KioaragM, 
evideiioea  of  this  kind  are  jet  very  rare.  As  additional  reasons  for 
not  forming  too  liasty  a  conclusion,  we  must  wait  until  the  markings 
of  the  ioe-CAp  have  been  shown  to  be  more  general  in  their  difi- 
tribuliun,  and  the  markings  which  wonld  be  conseqaent  on  snch  * 
covering  have  been  more  fully  recognized.  CosmiraJ  changes  haw 
no  doubt  produced  their  eSeet  upon  climate,  and  so  also  have  canta 
like  those  we  now  see  in  action,  and  therefore  I  do  not  see  tb» 
necesaity  that  all  glacial  phenomeria  efaould  be  attiibuted  wholly  to 
the  one  or  to  the  other  canse ;  but  I  must  confess  that  where  it  is 
possible  to  adopt  existing  agencies,  I  should  take  tbeni  into  eon- 
■ideration  before  those  whose  origin  and  subsequent  mode  of  ae^M 
HOB  of  a  more  debatable  charaotar.  For  these  reasons,  tc^ther 
with  the  faot  that  the  Sibeiian  Steppes  present  phenomena  not  welj 
explained  by  the  invasion  of  a  polar  iue-cap,  I  Tentnr©  to  suggest 
B  uiodifieation  of  the  theory  advocated  by  Mr.  Belt  and  Siberiu 
geologists,  which  appears  to  me  to  be  more  reconcilable  with  the 
phenomena  which  have  been  hitherto  recorded, 

la  addilion  to  the  general  freshwater  character  of  the  plains  which 
has  l>eeu  already  noticed,  wo  must  also  observe  the  slight  elevstioa 
which  ihey  have  above  the  Northern  Ocean  towards  which  their 
rivers  flow.  On  physical  maps  points  more  than  1000  miles  inland 
are  shown  not  to  be  more  than  '2S0  feet  above  it.  Another  point 
to  be  observed  is  that  the  last  movement  which  these  plains  have 
made,  as  indicated  by  beds  of  marine  shells  along  their  northern 
frontier,  has  been  an  upward  one.  From  this  we  may  infer  that 
when  they  were  at  lower  levels  a  considerable  portion  of  tbeit 
BUrfnce  must  have  been  covered  by  what  would  now  be  an  invading 
sea.  At  such  a  time  the  rivers  would  be  shorter  in  length,  and  the 
plains,  through  which  they  flow,  more  tongue-like  in  their  character. 
Again,  we  must  observe  that  in  old  times,  as  at  the  present  day, 
theso  rivers  were  often  cuvared  ivJLli  ice,  ivhioh,  blocking  up  thtir 
channels,  may  have  given  rise  to  floods,  lliese  actions  can  now 
be  seen  both  at  the  forming  and  the  breaking  np  of  these  winter 
barriers.  By  comparison  with  what  has  happened  in  Europe  and 
in  America,  we  may  infer  that  either  cosmical  or  geographical 
changes,  or  perhaps  both,  have  in  former  times  intensified  thii 
action. 

The  following  table,  which  I  have  compiled  from  iQfonnnlaoa 
collected  when  in  Siberia,  will  show  afpsoxiuatelt  the  time  of 
formntiun  and  breaking  np  of  ice  at  different  latitudes  npon  the  sanw 
and  diffen^nt  North  Asian  rivers,  and  will  indicate  an  important 
OBUse  operating  in  the  formation  of  these  floods  or  temporary  lakes: 

The  first  thing  that  will  be  observed  in  this  table  is  that  the 
influence  of  latitude  practically  outweighs  all  local  dronmstMicei 
which  might  accelerate  or  retard  the  time  of  freezing,  or  the  break- 
ing up  of  the  ice  upon  these  rivers.  The  farther  north  a  place  is, 
the  sooner  the  water  freezes,  and  the  later  is  the  ice  broken  up,  as 
compared  with  more  southern  positions.    Another  point  to  be  noticed 
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Basin   of 
^e  Obi 


Name  of  Kiver. 


'■ 


Basin 

of  the 
Teniiei. 
Basin  of  ( 
the  Lena.  \ 
Basin  of  i 
the  Tana,  f 


Sir  Daria,  near  Aral. 
Obi,  near  Barnaul. 
Tobol,  near  Kurgan. 
Irtish,  near  Tobolsk. 
Obi,  near  Obdorsk. 
Angara,  near  Irkutsk. 
'Lake  Baikal.* 
jYemsei,  near  Erasnoiarsk. 
iLena,  near  Eirensk. 
I  Lena,  near  Yakutsk. 

jYana,  near  Ust  Yansk. 


N.  Lat. 

Ice  Fomu. 

46'   (y 

Nov.  20 

63°  14' 

Oct.  30 

66°  32' 

Oct.  26 

68°  20' 

Oct  24 

67°  28' 

Oct.  20 

62*20' 

Dec.  30 

63*    0' 

Dec.  23 

66°    6' 

Oct.  29 

6r  40' 

Oct.  26 

eV  68' 

Oct.  21 

71°  23' 

Sept.   6 

Io«  breaks  up. 

March  22. 

April  16. 

April  16. 

April  20. 

May  20. 

May  20. 

Apnl  20— May  10. 

April  20. 

April  30. 

May  13. 

May      24. 


*  Lake  Baikal,  which  is  introduced  amongst  the  table  of  rivers,  like  the  rapid 
Angara  which  flows  from  it,  is  very  irregular  in  its  time  of  freezing  and  in  opening. 
These  times  also  vary  in  different  parts  of  the  lake,  as  might  be  expected  h-om  its 
north  and  south  extension. 

is  that  on  the  same  river,  the  northern  portion  of  the  river  freezes 
only  a  little  earlier  than  the  southern  part,  whilst  it,  comparatively 
speaking,  breaks  up  a  considerable  time  later.  Thus,  for  instance, 
on  the  Obi,  at  Obdorsk,  near  its  mouth,  the  ice  only  forms  about  one 
week  before  it  does  at  Barnaul,  which  is  a  considerable  distance  to 
the  south,  whilst  it  breaks  up  a  month  later. 

For  illustration,  suppose  we  take  the  River  Nile  near  its  mouth, 
and  partially  reduce  tlie  area  of  its  channel  with  a  blockade  of  ice 
for  a  week  :  I  think  we  might  reasonably  expect  a  flood.  Floods  of 
this  kind  may  be  observed  in  low  latitudes,  as  on  the  Angara  near 
Irkutsk.  In  1870,  a  sudden  frost  rapidly  freezing  the  river  over,  a 
flood  was  caused  which  did  great  damage  to  the  town.  But  this  is 
not  the  worst  aspect  of  the  action  which  may  be  illustrated  by  taking 
the  Nile,  not  at  an  ordinary  season,  but  at  the  time  when  it  is  drain- 
ing off  an  unusually  large  quantity  of  water  from  the  south,  and  at 
such  a  time  placing  a  barrier  across  its  mouth,  not  for  one  week,  but 
for  three  or  four.  The  consequences  would  be,  I  think,  disastrous. 
It  will  be  observed  that  it  is  at  these  times  when  the  Siberian  rivers 
have  the  most  water,  from  the  melting  of  the  southern  ice  and  snow,  to 
drain  away,  that  their  mouths  are  for  the  longest  period  dammed  up. 

During  past  times,  when  the  cold  was  probably  more  intense,  these 
barriers  of  ice  may  have  been  more  continuous  and  complete,  and 
thus  have  kept  the  plains — which  were  then  smaller  than  they  are  at 
present,  because  their  northern  ends  were  beneath  the  sea — more  or 
less  constantly  covered  with  a  lake  of  turbid  water.  As  this  flood 
varied  in  its  nature,  being  more  or  less  dependent  upon  the  accumu- 
lation and  breaking  up  of  the  ice,  so  we  had  beds  of  a  varying 
nature  deposited;  sometimes  they  were  of  silt,  and  sometimes  they 
were  of  sand. 

And  in  this  way,  whilst  accepting  the  main  feature  in  Mr.  Belt's 
argument  that  it  was  a  barrier  of  ice  which  caused  a  freshwater 
lake,  I  should  endeavour  to  explain  the  origin  of  the  Siberian 
Steppes,  without  seeking  the  aid  of  a  Polar  Ice  Cap. 

"We  have  now  a  Palaeocrystic  Ice  Cap  uyon  owt  TiCit^3si<KrDLV'i\sAr 
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sphere,  which  in  email,  and  plnccil  flninowhaC  JMiiitU;  on  one  si 
At  uno  time  il  was  in  oil  prubabiiity  much  lurgrir,  and  vnw  U 
dniwu  farLher  down  uver  our  northern  regions  thoin  it  i»  mi  preK 
hut  Hu  far  M  I  hitvi)  seen,  many  of  the  markings  it  in»y  tli«a  hvn 
made  can  alan  be  explained  by  more  modeet  tmstimptioiifi;  vMA 
not  only  its  trucks,  but  also  of  the  allies  il  would  have  anuinKmrf 
iuin  being,  we  yet  need  proof  of  their  oxifltence. 

Various  uausee  as  at  present  have  in  paat  timt-s  bevn  in  aotion,  and 
the  results  of  one  may  often  have  obliterate  tfaoHe  df  othen,  wbitit 
rcDd«r»  the  tracing  of  phenomeoa  to  their  prigin  a  lualler  at 
difficulty,  betauae  our  data  are  either  antagonistic  or  else  not  suffi- 
ciently convergent  iu  their  character. 

( To  bi  MDlitKinf  >;■  Dur  •»;«  .Vwnin.) 

TTOTXOES      OF      Is(i:E3iCOi:EaS- 

I.^On  the  Disoovkht  op  a  LASD-ptANT  in  tub  Middle  PonTfiis 
OF  THE  SirvRUM  Stkata.  By  M.  G.  ok  Sapobta.  (tVinpU* 
Uendna  de  rAcademie  des  Sciences,  torn.  Ixxkv.  Ko.  10.) 
ri1HE  discovery  tlint  I  am  about  to  announoa  to  iha  Aoadenty  il  \ 
\_  quite  new.  On  my  journey  to  Caen,  three  days  ago,  I  reodTwi 
from  Prof.  Moricre,  a  slab,  coming  from  the  slaty-schists  of  Aui^rs, 
and  from  tlie  zone  of  Calymene  Triatani,  which  famislics  evident 
traces  of  a  tolerably  large  lem.  The  impression  is  in  a  fair  state  ot 
preservation ;  the  vegetable  substance  is  replaced  by  sulphnret  of 
iron,  and  nnuiy  of  the  outlines  are  broken  or  torn,  a»  if  the  plant 
liad  suffered  from  a  long  sojoiini  at  the  bottom  of  the  waters.    A 
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very  rarely  it  is  true,  from  near  the  base  of  the  Silurian  strata. 
These  observations  agree  with  those  I  have  just  offered  to  the 
Academy,  and  support  the  conclusions  to  which  I  have  arrived.  I 
only  wish  to  establish  in  favour  of  M.  Lesquereux  the  right  of 
priority  which  no  one  will  dispute  with  him.  B.  B.  W. 

II. — Dbsghizionk  degli  stkati  Pliocenica  dei  dintokni  di 
Siena.  By  Prof.  Carlo  Stepani.  (Bolletino  del  R.  Comitate 
Geologico,  August,  1877.) 

rthe  August  number  of  the  Bolletino  del  R.  Comitate  Geologico 
Prof.  Carlo  Stefani  completes  the  "  Descrizione  degli  strati 
Pliocenica  dei  dintorui  di  Siena,"  which  was  begun  in  the  previous 
number.  Targioni,  Soldani,  Pareto,  Mortillet,  Capellini,  and  many 
other  Italians  and  foreigners,  who  have  made  a  study  of  the  Tertiaries, 
have  described  this  district,  which  makes  a  detailed  description  and 
discussion  of  the  geology  of  this  classical  spot,  brought  up  to  the 
present  stand-point  of  the  science,  doubly  important.  The  beds  in 
the  immediate  neighbourhood  are  Pliocene,  apparently  lower  aud 
middle,  consisting  of  alternations  of  marine  and  brackish- water 
strata,  with  fresh-water  only  in  one  place,  and  these  changes  the 
author  ascribes  to  the  amount  of  sea- water  which  could  enter  into 
a  gulf  of  the  sea  in  this  locality. 

The  great  development  of  the  Pliocene  in  Italy  and  contemjjo- 
raneous  deposits  having  taken  place  in  such  different  circumstances, 
as  in  deep-sea,  littoral,  brackish,  and  fresh- water  conditions,  it  is  not 
unnatural  that  many  divisions  of  this  period  have  been  made  which 
will  have  to  fall  under  more  exact  examination,  and  in  the  Siena 
beds  Prof.  Stefani  shows  that  the  geological  phenomena  become 
simpler  when  the  contemporaneity  of  the  various  deposits  is  under- 
stood. Long  lists  of  fossils  are  given  for  comparison,  and  a  com- 
plete catalogue  from  the  pen  of  a  colleague  is  promised  shortly. 
These  beds,  it  is  unnecessary  to  say,  are  very  fossiliferous. 

The  laborious  communications  that  are  constantly  appearing  in 
this  Bolletino  on  the  interesting  Miocene  and  Pliocene  formations  of 
Italy  are  gradually  placing  before  us  the  recent  geology  of  this 
country  with  great  clearness.  A.  W.  W. 

ni. — Abstract  of  a  Paper  on  the  Carboniferous  Limestone 
ANT)  Millstone  -  GRIT  in  the  Country  around  Llangollen, 
North  Wales.     By  George  H.  Morton,  F.R.S. 

[Read^at  the  Meeting  of  the  British  Association,  Plymonth,  August  20th,  1877.] 

f  PHE  author  descrihed  the  Carboniferous  Limestone  exposed  in  the 
X  Eglwyseg  ridge  near  Llangollen.  He  stated  that  the  finest 
section  is  exposed  at  the  Ty-nant  ravine,  on  the  west  of  Cefn-y-Fedw, 
and  that  the  country  must  be  considered  as  the  typical  area  of  tlio 
Lower  Carboniferous  peries  in  North  Wales.  The  Millstone-grit,  or 
Cefn-y-Fedw  Sandstone,  which  reposes  on  the  limestone,  in  the  same 
district  was  also  described.  The  following  tabulation  explains  the 
succession  and  thickness  of  the  entire  series. 
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■  Dee  Bridpe.  at 

Hilltilose-^ 

Sens. 


Upper  Grnr  T.im 


300  I    Vppa  Qaiian- 
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Uppi-r  Old  Bed  Sandsk.ae  .„  300  leeL 
Each  of  the  snbtUvUious  was  separately  described,  and  a  sectioiL 
from  tlie  1Y~'^Bi'^  ravine  to  Tyfyn-ucfaaf  was  exhibited,  showin);  tht 
r^ular  Buccossion  of  the  whole  of  thi^  strata  from  the  Old  Bed  Suiil- 
stone  to  the  Coal-measures.  The  followiug  table  shows  the  gnuloal 
att«oiiation  of  the  Carboniferous  Limestone  towards  the  south-ea 


*  Tpji'T  purtiiiu  1i:i-i  buen  dpnudfj. 
t  Reposee  ob  the  Weolock  tihnle. 
X  Lowest  beds  not  ascertained  with  certaiaty. 

This  section  shows  how  the  limestone  diminishos  in  thickness 
with  the  liao  of  the  Wenlock  Shale  towards  the  south-east  Between 
the  Ty-nant  ravine  and  Fron.  four  miles  from  the  former  place,  the 
atteuuihtion  is  not  less  than  900  feet. 

Tlie  list  of  foasilfl  collected  by  the  anther  contained  seventy -seven 
epeciea.  Of  these  fifty-eight  occur  in  the  Upper  Grey  Limestone, 
and  only  eighteen  in  the  Lower  Brown  Limestone.  If  the  Carboni- 
ferous Limestone  is  simply  divided  into  Upper  and  Lower  Limestone, 
thirty-eight  species  are  peculiar  to  the  two  upper  subdivisions,  and 
nineteen  to  the  two  lower  stthdiviaiona ;  twenty  species  being  com- 
mon fo  both.  However,  the  species  are  by  no  means  confined  to  the 
subdivisions  in  which  tJiey  are  found  near  Llangollen,  for  they 
occur  at  different  horizons  in  other  districts. 


Si 
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IV. — British  Association  for  thk  Advancement  of  Science, 
Forty-seventh  Meeting,  Plymouth,  August  16th,  1877. 
Titles  of  Papers  Bead  in  Section  C.  (Geology). 

President.—W.  Pbnoblly,  Esq.,  F.R.S.,  F.G.8. 

President's  Address.     (See  p.  419.) 

The  President — Sketch  of  the  Oeology  of  the  Coast  from  the  Rame 

Head  to  the  Bolt  Tail. 
J.  H.  CoUins,— On  the  Drift  of  Plymouth  Hoe. 
B,  JV.  Worth. — Notes  on  the  Palaeontology  of  Plymouth. 
Professor  G,  Dewalque, — On  the  Devonian  System  in  England  and  in 

Belgium. 

A.  Champemowne,  M,A. — On  the  Succession  of  the  PalsBOzoic 
Deposits  of  South  Devon. 

5.  B,  Pattison, — On  the  Carboniferous  Coast-Line  of  North, Com  wall. 
C  Beid, —  On  the  Junction  of  the  Limestone  and  Culm-measures 

near  Chudleigh.     (See  p.  454.) 
H,  B.  Woodward.  —Notes  on  the  Devonian  Hocks  near  Newton  Abbot 

and  Torquay,  with  Eemarks  on  the  Subject  of  their  Classification. 

(See  p.  447.) 
W.  Fengelly,  jP.B./S.»— Thirteenth  Annual  Report  of  the  Committee 

for  assisting  in  the  Exploration  of  Kent's  Cavern. 

B.  K  Tiddeman,  M.A.,  F.Q.S.^Txith  Annual  Report  of  the  Com- 
mittee for  assisting  in  the  Exploration  of  the  Settle  Caves 
(Victoria  Cave). 

C.  Be  Banccy  F.O.S. — Report  of  the  Committee  for  investigating  the 

Circulation  of  Underground  Waters  in  the  New  Red  Sandstone 
and  Permian  formations. 

C.  Le  Neve  Foster y  D.Sc.,  F.G.S. — On  some  Tin  Mines  in  the  parish 
of  Wendron,  Cornwall. 

C.  Le  Neve  Foster,  D.Sc,  F.G.S.-— On  the  "  Great  Flat  Lode  *'  South 
of  Redruth  and  Camborne. 

C.  Le  Neve  Foster ,  D.Sc. — On  some  of  the  Stock  works  of  Cornwall 

Arthur  W.  Waters,  F.G.S. — Influence  of  the  Distribution  of  Land 
and  Water  upon  the  Shifting  of  the  Axis  of  the  Earth. 

J.  H.  Collins,  F.G.S. — Note  on  the  Serpentine  of  Duporth  in  St. 
Austell  Bay,  Cornwall. 

Professor  J.  W.  Clarke. — Some  Observations  upon  the  Origin  and 
Antiquity  of  the  Mounds  of  Arkansas,  United  States. 

Professor  A.  S.  Herschel,  MA.,  F.BA.S.,  and  G.  A.  Lebour,  F.G.S. — 
Report  on  the  Thermal  Conductivities  of  Rocks. 

Bev.  H.  W.  Crosskey,  F.G.S. — Report  of  the  Boulder  Committee. 

J.  Gwyn  Jeffreys,  LL.D.,  F.B.S. — On  the  Post-Tertiary  Fossils  pro- 
cured in  the  late  Arctic  Expedition,  with  Notes  on  some  of  the 
Recent  or  Living  Mollusca  from  the  same  Expedition. 

C,  E.  De  B'mce,  F.G.S. — Note  on  the  Correlation  of  certain  Post- 
Glacial  Deposits  in  West  Lancashire. 

G.  H.  Morton,  F.  G.S. — On  the  Carboniferous  Limestone  and  Millstone- 
grit  in  the  Country  around  Llangollen,  North  Wales.  (See  p.  469.) 

G.  A,  Lebour,  F,G.S, — On  some  Pebbles  in  Shales. 
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W.  Gmn,  F.G.8.—\  Short  Skotch  uf  ihe  finding  of  Siluiias  Bo* 

in  Teesiliile, 
W.  Molyneia.  F.G.S.—Ob  the  Occurrence  of  Avieulopeettm  and  o»kr 

Marino  Shells  in  DqMwtts  aawtivialwl  witli  SMuia  of  Ooal,  Mb- 

tnininK  Salt  \Vut«r.  in  the  Asliliy  Ooftl-fiold. 
B.  C.  Sorby,  F.G.S.—On  a  New  Method  for  Studying  the  Opticri 

Characters  of  Mineialfi. 
Set.  IWofcMor  J7eer.— Note  on  the  FosBil  Flora. of  tiia  Anrtlo B<^itmt 
B.  Womlvinrd,  F.U.S. — On  the  Diaoovcry  of  Branehipfu  ia  a  toil 

Btate  in  the  Eocone  Limestone  (Fresliwattir)  of  Gnmpt  B»y,  Ilk 

of  WighL 
G.  A.  Lebour.  F.G.S.—Oa  t!io  Age  of  the  Cheviots. 
B.  A.  C.  Godma-Aiuten,  F.RS.— On  tlie  Geological  Sigutfioinm «( 

the  Boring  at  Messrs.  Sioux's  Jirewety.  London.      (See  p.  474.) 
Tkomat  Flunkelt. — Cave  Exphiration  in  Fermanagh. 
br.  J.  8.  I'hai6. — On  some  peculiar  Stalactitic  Fotmatious  from  th* 

Island  of  Aniiparos. 
A.  J.  Mi)U. — On  the  Souroo  and  FnnolioB  of  Carbon  in  the  Craeiiif 

the  Earth.  


I. — Thk   Amsbicas    Palj;o7oig    Foseiui.      A  Cataiooui   or 

GiSNKRA  AND  Specibs  ;  with  as  Istboduotion  dbvotko  tc 
THK  Stbatiohaphioal  Gbology  of  thk  Pal.£OZuic  Bocu. 
By  S.  A.  Miller.     (Cincinnati,  Ohio,  1877.) 

THE  constant  additions  to  tlie  number  of  fossil  species,  and  tbdi 
publication  in  different  memoirs  and  vaiious  kinds  of  periodicaU, 
I'endors  it  very  diffioidt  fur  the  student  of  paiuwntulogy  lo  oscertaui 
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^th  a  view  of  giving  assistance  to  palsBontological  students  and 
^"orkers,  in  avoiding  errors  and  improving  the  nomenclature  of  the 
aoience.  Most  of  us  must  admit  that  much  confusion  exists  in  the 
scientific  nomenclature,  as  regards  scientific  and  grammatical  errors. 
Synonymy  is  frequently  overburthened  by  the  impossibility  of  learn- 
ing where  species  have  been  found,  or  what  names  have  been  given ; 
besides  which,  many  names  have  been  formed  in  violation  of  the 
recognized  rules  of  language.  On  this  latter  point  some  errors  are 
pointed  out,  and  useful  rules  are  given  for  the  formation  of  new 
names  in  palsdontology,  and  thus  avoid  the  occurrence  of  malformed 
words  and  barbarous  terms,  some  of  which,  too  long  current  to  be 
now  withdrawn  from  circulation,  will  serve  as  memorials,  fossil 
relics,  to  show  to  future  times  the  freaks  of  linguistic  development 
in  the  early  days  of  Palaeontology. 

The  introduction  which  follows  is  devoted  to  stratigraphical 
geology,  and  the  author  gives  a  concise  account  of  the  successive 
geological  formations  and  their  equivalents  in  North  America,  from 
the  Archsdan  to  the  Permian  inclusive,  with  an  estimated  thickness 
of  28  miles,  all  of  which  is  known  to  be  fossiliferous,  except  about 
three  miles  at  the  base.  In  the  Catalogue,  which  occupies  more  than 
200  pages  of  the  work,  the  genera  and  species  are  arranged  in 
alphabetical  order  under  the  following  great  divisions,  Plantso, 
Protista,  Badiata,  Mollusca,  Articulata,  and  Yertebrata;  the  sub- 
kingdoms  are  again  divided  into  classes,  orders,  and  families ;  so  that 
the  zoological  position  of  the  genera  mentioned  in  the  different  lists 
may  be  found.  The  mode  of  arrangement  is  simple  but  useful,  the 
names  of  the  authors,  dates,  place  of  publication,  groups  of  rocks  in 
which  the  species  are  found,  are  given,  as  well  as  the  etymology  and 
signification  of  the  words,  as  in  the  following: 

Calymenb,  Brong.  1822,  Hist.  Nat.  Crust.  Foss.  [£tj.  Kekalymenoa  coDcealed] 
Blumenbachii,  Brong.  1822,  Hist.  Nat.  Crust.  Foss.  Niagara  group  [Ety.  proper 
name]. 

By  this  publication  Mr.  Miller  has  conferred  a  benefit  on 
geologists,  in  showing  the  nature  and  extent  of  the  North  American 
fauna,  and  thus  enabling  them  more  readily  to  compare  it  with  that 
of  Europe.  J.  M. 

II. — Hkvue  dk  GioLOQiK,  pouE  LES  Ann^es  1874  ET  1875.     Par 
MM.  Delessb  et  de  Lapparent.     (Paris,  1877.) 

THE  publication  of  the  thirteenth  volume  of  the  French  Geo- 
logical Eecord  contains  the  progress  of  Geology  and  the  allied 
sciences  for  the  years  1874:-75,  as  shown  by  numerous  papers  and 
books  published  during  that  period,  and  of  the  contents  of  which 
fair  and  useful  abstracts  are  given.  Independently,  however,  of 
published  works,  the  editors  of  the  "  Eevue  "  have  further  rendered 
their  work  more  valuable  by  notices  of  the  maps  and  unpublished 
documents  shown  in  the  International  Exhibition  of  Geography  at 
Paris,  and  by  the  insertion  of  numerous  private  communications 
from  French  and  other  geologists.  Besides  these,  many  analyses  of 
rocks  are  given,  which  have  been  made  either  in  private  laboratories 


-~  lieporU  and  Proeeeditys—^ 

W  in  thoBO  of  the  Sohool  of  Minos  or  other  public  tnstitattoiu,  uA 
bIk)  notices  of  all  the  new  reaerirchea  na  the  metamorphiani  nd 
modiGcations  of  nscks.  The  work  is  compileti  w-ith  the  same  am 
as  the  previous  volumos.  and  reflects  much  credit  on  the  pains  lifai 
in  rendering  in  a  condensed  form  the  notices  and  abstrttcta  sd  »«y 
iisofnl  and  inatmctive  ;  for,  without  this  aid,  it  would  be  impombb 
for  auj  ordinary  student  to  become  acqaninled  with  the  wide  rmg« 
of  geoli^cal  literature.  The  subjects  are  sysfemafiofilly  arrmgrf 
under  lithological,  historical,  goograjihioal,  and  dyDsrait^  geology. 
besides  notices  of  general  works  on  the  subject.  Some  attention  ii 
also  given  to  memoirs  oti  economic  geology,  and  a  neatJy-esecnt*d 
coloured  map  is  given  by  M.  Delesse.  TTiis  map,  designed  M,  ia 
Babinski,  although  on  a  small  scale,  shows  in  a  simple  and  atrikiof 
manner  the  agiicultural  resources  of  Fi-ance.  and  the  relative  valnM 
of  the  different  districts,  and  the  distribution  of  the  vineysrdi 
oomiuons,  and  foresls.  J.  H. 

"  On  the  Geological  Significance  of  the  Boring  at  Messn. 
Manx's  Breweiy,  London.''  By  Robert  A.  C.  Godwin-Ansten, 
F.R.8.,  V.P.G.8.,  etc  Bead  before  the  Brirish  Association  al 
Plymouth  (Section  C). 

The  author  commenced  by  pointing  out  that  it  was  very  genera!}; 
known  that  this  nnderlaking,  after  passing  through  n  groat  tfaickneit 
of  Chalk,  met  with  a  very  insignificant  representative  of  tlie  sands 
which  underlie  the  Chalk  in  the  south-east  of  England,  thenoe  at  onos 
passed  into  strata  which,  by  characteristic  fossila,  wore  identified  as 
Palwowio,  and  of  Upper  Devonian  age.  This  was  jiiat  as  had  been 
auticijiated  as  to  tho  absence  of  any  portion  of  (he  Ooiitic  series  fher?, 
and  confirmed  what  many  years  since  had  been  supposed  to  be  tiie 
snbterranean  structure  of  the  South  of  England ;  indeed,  it  might 
fairly  be  stated  that  geologists  genendly  have  been  of  opinion  that  a 
band  of  Palteozoic  rooks  extended  from  Westphalia  westwards,  and 
passed  somewhere  beneath  the  Secondary  formation  of  the  south-east 
of  England,  The  importance  of  determining  the  course  of  such 
PalEeozoic  band  was,  that  along  the  whole  of  the  exposed  part  of  its 
course,  aa  from  its  extreme  eastern  place  to  near  Valenciennes,  it 
bad  dependent  on  it  on  the  north  the  productive  Coal-measures  of 
Westphalia,  Belgium,  and  the  North  of  France.  From  Valenciennes 
westwards  the  Coal-measures  were  not  exposed  at  the  surface,  but 
were  reached  beneath  the  Chalk  formation,  and  from  the  undergmund 
workings  the  relations  of  the  several  members  of  the  Palaeozoic  series 
were  knt>wn  to  correspond  exactly  with  those  where  the  series  were 
exposed,  as  was  the  case,  also,  where  it  was  again  seen  at  the  snr- 
faoe  in  the  Bonlonnais,  and  at  sundry  other  valleys  of  elevations 
along  the  axis  of  Arlois.  The  whole  of  the  Coal-measures  of  Belginm 
and  North  of  France  must  be  understood  as  occupying  a  trough 
formed  out  of  the  older  members  of  the  great  Paleeozoic  series,  and 
1^1^  explanation  given  of  the  preservation  of  this  extended  and 
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narrow  band  of  ooal-growth  sarfaoe  was,  that  it  had  resulted  from  a 
oontraction  of  the  earth's  cnist  in  a  south  to  north  direction  at  some 
time  subsequent  to  the  completion  of  the  Palseozoic  series  (Coal- 
measures  included),  whereby  along  the  line  a  series  of  east  and  west 
undulations  were  produced,  in  the  deepest  or  most  considerable  of 
which,  portions  of  the  coal»growth  suifaoes  became  included,  so  as 
to  be  preserved  during  the  subsequent  periods  of  denudation  of  the 
surface.  From  the  consideration  of  the  physical  features  of  a  line  of 
country  of  elevation,  and  disturbance,  which  crossed  the  European 
Continental  area  for  300  leagues,  he  had  inferred  that  like  results 
were  due  to  like  causes  here.  The  line  of  the  Palaeozoic  strata  having 
been  conjecturally  carried  along  close  by  where  it  has  just  been 
met  with ;  so  it  might  reasonably  be  supposed  that  certain  other 
phenomena,  which,  in  like  manner,  had  resulted  from  the  same 
disturbances,  should  also  correspond  and  serve  for  guidance.  For 
the  present  it  had  not  been  ascertained  in  what  direction  the  highly 
inclined  Devonian  strata  at  Tottenham  Court  Boad  were  dipping 
— a  most  important  point  in  the  considerations  involved. 

It  might  safely  be  supposed  that,  from  position,  any  Palasozoic 
rocks  at  such  place  must  be  trending  east  and  west,  and  the  oc- 
currence might  seem  to  be  an  isolated  fact,  but  for  other  inferences 
which  tended  to  give  it  importance.  The  653  feet  of  Chalk  strata 
were  horizontal,  or  with  only  a  very  slight  north  dip.  The 
Devonian  strata  gone  through  dipped  uniformly  at  about  an  angle  of 
30  degrees.  The  section,  therefore,  corresponded  exactly  with  those 
of  the  North  of  France.  In  Belgium  and  the  North  of  France  it  was 
on  the  south  side  of  the  Palaeozoic  trousrh  that  the  high  inclines 
occurred,  as  it  happened  along  the  whole  line  from  Liege  to  Toulon. 
On  the  north  the  beds  were  flatter,  and  spread  out  wider.  From 
this  it  might  be  supposed  that  it  was  the  north  side  of  the  trough 
which  was  hit  upon  by  Messrs.  Meux ;  and  that  it  was  a  trough  at 
this  place  followed  necessarily  from  the  circumstance  that  the 
beds  so  highly  inclined  were  as  low  as  the  Devonian.  Bearing 
in  mind  that  the  whole  of  this  part  of  Europe  they  were  now 
considering  formed  part  of  the  area  over  which  the  Devonian  or 
Lower  Carboniferous  series  preceded,  or  was  overlaid  by  the  Upper 
or  true  Carboniferous  formations,  and  that  when  they  occurred  tlie 
other  followed  everywhere,  the  fact  of  the  inclination  of  the  beds  at 
Tottenham  Court  Koad  involved  this — that  the  higher  formations 
must  soon  follow  the  Mountain  Limestone  on  the  Devonian,  and  the 
Coal-measures  on  the  Mountain  Limestone.  This  reasoning  applied 
equally,  whether  the  Devonian  strata  at  Tottenham  Court  Koad  might 
be  dipping  north  or  south :  but  thus  ranch  had  been  ascertained,  that 
London  just  overlies  the  edge  of  a  great  Coal-field,  and  the  prob- 
ability was  that  the  Coal-field  was  to  the  north.  What  seemed  to 
suggest  that  the  Coal  in  this  direction  might  have  considerable  ex- 
tension was  derived  partly  from  a  study  of  the  geological  features 
of  their  own  island,  and  partly  from  what  was  the  case  in  Belgium. 
It  was  dependent  on  what  was  the  original  form  and  extent  of  the 
ooal-growth  surface,  and  in  the  places  at  which  the  greatest  amounts 
of  contraction  and  subsequent  denudation  o^  tti^  ^\\xlwife  \av3«L  ^^R«k. 
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CO:Ei:EES  E-OlTIDEIirCZE. 

THE   COEAL   RAG   OF   UPWARE. 

Sib, — In  Measre.  Blake  and  Hudleston'a  admirable  paper  un  lb 
Dorallian  Bocks  in  Eiigl&nd,  "  the  well-knowa  though  very  Uicnt 
tfblo  exposure  of  Corallian  beds  nt  Upware  "  does  not  appesr  to 
S«ve  received  from  the  autliore  such  careful  stndy  as  tlioete  in  i&m 
localities.  They  state  that  in  tlie  iiorthem  quarry  the  bods  "  dip  % 
ifae  south,  or  in  an  opposite  direction  to  those  of  the  Rag-pit,  a>  liat 
Siere  is  a  synclinal  in  which  are  found  tlie  Neocomian  aands,''  tai 
•hey  give  a.  "  preiumed  section,"  in  which  the  said  sands  itre  repifr 
lented  aa  so  situated.  Now  this  section  is  not  confinued  by  mj 
nridence  knowu  to  me.  The  dip  iu  the  nortbem  pit — so  "far  ■ 
Biere  is  any  dip  ot  nil — is  northward,  not  southwnrd,  prolobly  i 
little  west  of  north.  T  veriSed  this  a  few  days  since  in  the  compu; 
jf  three  friends,  ail  fairly  accustomed  to  geological  observatioB. 
Further,  any  one  who  has  watched  ihe  working  of  the  '  coprolita' 
Mts,  knows  that  the  Neocomiaa  beds  rest  uncoiiformably  on  tin 
[loral  Rag,  and  thin  out  against  the  side  of  the  ridge.  The  nud 
■long  its  crest  (if  one  may  use  the  word),  between  the  two  pit& 
nowhere  crosses  Neocomian  beds.  Two  small  shallow  pits  him 
Indeed  been  opened  adjoining  the  road  on  the  west  side,  a  little  leu 
than  a  quarter  and  half  a  mile  respectively  south  of  the  northern  pt 
Tbeee  seemed  to  be  still  in  the  same  rock  as  it ;  and  thus  in  all 
respects  are  unfavourable  to  the  theory  of  a  synclinal.  The  positiod 
of  the  strata  was  givou  some  years  since  by  Mr.  Keeping  ia  thii 
Magazine  (Vol.  V.  p.  272),  and  I  have  since  examined  seTStal 
sections  coufinning  this  one,  with  the  exception  that  I  have  nevet 
myself  seen  the  Kimmeridge  Clay  exposed.  Again,  at  the  present  time 
there  is  a  consideraltle  patch  of  the  base  of  the  Giault  laid  bare,  just 
west  of  the  south  end  of  the  Esg-pit,  and  perhaps  four  yards  below 
the  crest  of  the  limestone  ;  that  is,  exactly  where  it  should  not  be  on 
any  theory  of  a  synclinal.  The  stratigraphy  is  puzzling  enough: 
hut,  so  far  as  the  evidence  goes,  it  appears  to  me  rather  in  favour  rf 
the  old  theory  of  an  anticlinal  as  represented  by  Fitton  (Trans.  GeoL 
Boc.,  vol.  iv.  pi.  xi.).  The  present  authors  may  be  right  in  assign- 
ing to  the  rock  of  the  northern  pit  a  lower  horizon  than  that  of  tha 
southern;  but  I  have  no  hesitation  in  saying  that  the  evidence  at 
present  is  only  palteontologicai,  and  this  is  not  strong. 

The  other  matter  is  a  personal  one,  and  refers  to  their  mention  of 
my  own  account  of  this  district.  I  am  well  aware  that  in  mj 
Geology  of  Cambridgeshire  it  was  "  partially,  but  not  very  fully, 
described,"  because  tho  book  only  professes  to  be  a  sketch  for  the 
use  of  students.  At  tlie  same  time,  when  authors  call  attention  to 
an  imjwrfection,  one  may  fairly  expect  that  they  will  considerably 
augment  our  stook  of  knowledge.  I  venture  to  assert  that  the 
questionable  statement  discussed  above  is  the  only  material  addition 
contained  in  the  paper  on  the  Corallian  rocks.  The  two  accounts 
are  about  equal  in  length,  and  contain  as  nearly  as  possible  the  same 
facte.      Again,  the  authors'  statement  about  the  position  which  I 
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assign  to  the  Qpware  rock  is,  I  thiok,  so  worded  as  to  convey  a 
wrong  impression.  "  He  correlates  it  with  the  lowewt  portion  of  the 
Corallian  region,  on  account  of  its  containing  Cidarts  florigemma,  a 
reason  which  would  make  us  assign  to  it  nearly  the  highest."  This, 
coupled  with  the  rest  of  the  paragraph,  and  their  use  of  the  word 
Coiallian,  would  give  rise,  I  think,  to  the  supposition  that  I  had 
placed  the  Up  ware  rock  below  the  Coral  Rag.  On  the  contrary,  I 
take  some  pains  to  prove  it  to  be  Coral  Bag,  and  the  only  support 
for  this  statement  is  that,  as  I  was  contending  against  Mr.  Seeley*s 
attempt  to  place  the  bed  in  the  Kimmeridge  series,  and  as  C.  fieri' 
gemma  was  then  supposed  to  characterize  rather  the  lower  part  of 
the  Coral  Rag,  I  point  out  that  the  affinities  of  the  Upware  rock  are 
downward  rather  than  upward,  so  that  it  cannot  even  be  paralleled 
Tnth  the  Continental  Sequanien.  It  is  true  that,  according  to  Messrs. 
Blake  and  Hudleston,  the  position  of  the  zone  of  C,  fiorigemma  is 
less  constant  than  it  was  supposed  to  be ;  but  in  reasoning  on  that 
point,  I  used  the  best  information  to  be  obtained  at  the  time,  and  the 
change  does  not  materially  weaken  my  main  position  that  the 
TJpware  limestone  is  true  Coral  Rag,  as  the  word  was  then  under- 
stood. 

St.  John's  College,  Cambridge.  T.  G.  Bonney. 


THE  ORIGIN  OF  CIRQUES. 

Sib, — In  a  recent  number  of  the  Geological  Magazine  (p.  273), 
Mr.  Bonney  has  replied  to  the  arguments  adduced  by  Mr.  Holland 
in  favour  of  the  glacial  origin  of  cirques  (Quart.  Jo  urn.  Geol.  Soc, 
vol.  xxxiii.  p.  142),  and  has  adduced  many  cogent  reasons  in  support 
of  the  explanation  he  has  previdusly  given,  viz.  *'  that  the  cirques 
are  mainly  produced  by  the  combined  erosive  action  of  streamlets." 

May  I  be  allowed  to  cite  what  I  conceive  to  be  an  illustrative  case, 
oooarring  in  a  country  which  I  have  lately  visited,  and  where  it 
would  be  difficult  to  discover  any  traces  of  ice  action,  but  where  the 
erosive  power  of  torrential  rains  is  markedly  exhibited  ?  I  refer  to 
Upper  Egypt,  and  especially  to  that  district  lying  between  the  valley 
of  the  Nile  and  the  Red  Sea. 

The  eastern  bank  of  the  Nile  above  Cairo  is  bordered  by  a  desert 
plain.,  about  three  or  four  miles  wide,  and  stretching  up  to  the  high 
cliffs  beyond,  which  rise  into  mountains  some  600  or  700  feet  high, 
and  form  the  range  known  as  the  Arabian  chain.  These  cliffs  are 
furrowed  by  numerous  deep  gorges  and  valleys  opening  on  to  the 
desert  plain  below,  over  which  is  spread  out  the  detritus  brought 
down  from  the  hills ;  for  Egypt  is  not  the  rainless  country  it  is 
sometimes  represented  to  be,  and  in  winter-time  rain  falls  occasion- 
ally in  quantity  sufficient  to  convert  these  dry  valleys  into  rushing 
torrents ;  thus  among  the  recesses  of  the  bare  and  barren  limestone 
rocks,  into  which  the  valleys  lead,  signs  of  water-action  are  every- 
where visible.  A  cirque  in  such  a  land  as  this  could  hardly  be 
formed  by  any  other  agency  than  that  to  which  Mr.  Bonney  attributes 
them,  and  yet  a  very  cirque-like  hollow  came  under  my  notice  while 
exploring  one  of  these  ravines.     I  had  ridden  some  di^toLOA^  ^V^^x^^ 
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tliiB,  ftn(i,  wishing  to  gnin  a  better  view  of  tJie  coantry,  I  (liHnomwS 
and  ascended  tbe  ateep  alope  wbich  formed  its  northern  siiie ;  I  il« 
found  injHelf  on  a  flat-toppeil  ridge  looking  down  into  fhrr*  rillfji 
at  ODCe  (us  shown  in  diagram  at  A). 


The  wataroonrse  I  had  been  following  (B)  waa  cat  off  bj  i 
wider  and  deeper  valley,  here  making  a  magnificent  curve  ;  and  on 
my  left  was  a  deep,  broad,  and  short  hollow  (C),  only  separaltii 
from  Ibe  same  valley  by  a  narrow  ridge  or  knife-edge.  Its  sides 
presented  a  EuccesBion  of  irregular  Bteps.  resulting  from  the  weather- 
ing of  the  bard  and  soft  beds  of  the  limestone ;  but  these  wen 
interrupted  by  numeroua  small  clianneia  and  gulleys,  and  the  he^ 
of  dihris  whiuh  choked  up  the  bottom  testified  clearly  to  the  mode 
of  its  formation.  Although  evidently  a  ntin-gorge,  its  cin^ue-like 
form  struck  me  at  firat  sight,  and  the  reason  of  ita  taking  this  shaft 
was  easily  perceived ;  having  been  cut  backwards  till  a  mere  knife-  | 
edge  remained  between  it  and  the  valley  bcjond,  elongate  extensioB 
had  bccnmf  imiioFsihle,  biif  the  runlets  which  drained  the  flat-topped 
heights  on  each  side  had  so  extended  it  laterally  that  ita  vridth  «U 
already  more  than  half  its  length. 

Now  is  not  this  very  suggestive  of  the  origin  of  other  cirqnei? 
Mr.  Holland  finds  a  difficulty  in  the  fact  that  the  part  of  the  cnct 
aurrounding  the  cirque,  and  sloping  to  it,  is  so  narrow  that  it  caimot 
feed  even  a  small  stream.  Mr.  Bonney  has  shown  that  he  ahoald 
have  said,  "  can  only  feed  very  small  streams,"  and  with  this  cor- 
rection the  sentence  would  fairly  indicate  the  very  conditions  whidi 
I  conceive  to  be  essential  to  the  formation  of  a  cirque,  viz.  the  con- 
centration of  small  streams  falling  off  a  narrow  mountain  ctesL 

Mr.  Uelland  himself  says  (p.  165)  :  "  The  cirques  which  occur 
isolated  in  the  mountains  are  not  esaentially  different  from  the 

valleys  which  end  in  a  cirque They  both  occur  in  the  same 

way,  except  that  the  valleys  are  longer,  their  area  being  aa  much  tt 
25  times  as  great  as  that  of  the  cirques."  Surely  he  would  not  have 
US  believe  that  these  valleys  are  likewise  the  result  of  glacial  action; 
and  if  not  the  valleys,  then  why  the  oirques  ? 
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In  trath,  as  Mr.  Bonney  has  pointed  out,  the  cirque  form  is  the 
natural  termination  of  a  valley  cut  back  far  into  the  hills ;  and  I 
think  it  might  almost  be  said  that  the  farther  a  valley  is  carried 
back  amongst  hard  rocks,  the  more  cirque-like  does  its  termination 
'become;  rounded  hollows  certainly  do  occur  at  the  head  of  such 
▼alleys,  and  these  might  even  become  broadly  subcircular,  if  the 
lateral  streams  happened  to  be  stronger  than  the  terminal. 

Finally,  are  not  cirques  more  rationally  accounted  for  in  this  way, 
than  by  crediting  glaciers  with  the  curious  "tooth-drawing"  pro- 
pensity which  Mr.  Helland  suggests,  and  thus  investing  them  with 
even  more  wonderful  powers  than  have  yet  been  claimed  for  them 
by  the  most  devoted  glacialists  ?  A.  J.  Jukks  B&ownk. 

H.M.  GBOLOOIC1.L  SURYBT,  SPILBBT. 


FOREST-BED  AT  HAPPISBUEGH. 

S^^ — I  am  glad  to  see  that  a  discussion  has  arisen  in  your  pages, 
which  may  lead  to  a  more  strict  inquiry  into  the  age  and  position  of 
the  portion  of  a  submerged  forest  at  Happisburgh,  or  Hasbro.  If  I 
recollect  rightly,  upon  my  first  visit  to  Norfolk,  Mr.  Gunn  took 
me  to  the  spot,  and  told  me  that  the  Forest-bed  (meaning  the  pre- 
^Lacial  one)  was  usually  to  be  seen  open  here,  but  only  occasionally 
00  at  other  places  on  ^e  coast.  I  at  that  time  collected  some  fir- 
oones  from  it. 

At  a  subsequent  visit  I  thought  that  the  Boulder-olay  passed  under 
it»  although  I  could  not  perceive  what  the  actual  superposition  was. 
For  I  coidd  trace  the  Boulder-day  to  the  edge  of  the  foreshore,  very 
dose  up  to  the  Forest-bed;  and  there  was  no  indication  of  those 
"  laminated  beds  "  of  sand  and  gravel,  which  intervene  between  the 
Cromer  Forest-bed  and  the  glacial  series.  I  therefore  concluded  that 
the  deposit  at  Happisburgh  was  not  a  continuation  of  the  Cromer  bed. 

Mr.  Ounn,  in  a  paper,  which  he  read  at  Norwich  in  the  spring  of 
1868,  remarked  upon  this  bed,  and  seemed  to  think  it  was  not 
exactly  coeval  with  the  Cromer  bed,  but  belonged  to  an  upper 
portion  of  it,  "  which  remained  dry  land  on  the  partial  submersion 
of  the  subsiding  forest"  He  likewise  referred  to  the  absence  of  the 
**  laminated  beds."  He  also  stated  that  "  metatarsal  bones  of  sheep 
or  the  goat  were  discovered  here  by  Mr.  William  Haughton.  The 
elephants  had  at  that  period  died  off  from  the  increasing  cold." 
Now  the  goat  is  not  included  in  the  list  of  mammals  belonging  to 
the  Cromer  bed  as  given  by  Prof.  Dawkins  at  p.  417  of  the  Quart. 
Joum.  Geol.  Soa ;  nor  I  believe  is  it  usually  known  to  occur  in 
the  earlier  Quaternary  formations.  If  then  the  determination  of 
that  genus  be  correct,  it  is  rather  an  argument  on  palseontological 
grounds  for  a  later  date  for  the  Happisburgh  deposit. 

It  is  of  some  importance  that  its  true  age  should  be  settled, 
because  the  vegetable  remains  from  it  have  been  much  relied  upon 
as  indicating  the  climate  of  the  Cromer  forest  period,  which  possibly 
may  after  all  be  different.  Cannot  the  true  relations  of  the  "  hard  " 
clay  in  which  the  trees  are  rooted  be  determined  by  digging' a  pit  of 
sufficient  size,  so  as  to  find  out  on  what  the  Forest-bed  really  rests  ? 
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It  may  be  in  your  reraMubrance  that  I  threw  doabU  upon  •it 
preglncial  age  of  tbis  ilepoait  in  the  pBper  which  I  read  at  the  ok* 
mg  of  the  British  ABsociaiion  at  Norwiob  in  18G8.' 

Eakltos,  Cahukimi.  O.  Fibbik 


EDWARD  WOOD,  J. P.,   F.G.S. 

Bonn  Mai  i*,  laos.     Died  Auoust  IG,   1877. 

Wk  regret  to  record  the  denth  of  Mr.  Edward  Wood,  of  RichmoDl 
Yorkshire,  President  of  tbe  Meclianioa'  Institute,  and  of  the  Eici- 
mond  Naturalists'  Field-olub,  of  which  ha  was  also  the  founder. 

For  more  than  thirty  years  Mr.  Wood  devoteti  bis  best  efforts  to  lb 
promotion  of  Natural  Science,  especially  Geology,  and  he  expendftl 
onnsidei-able  Bums  of  money  and  much  pei^onnl  laliour  in  formiB^ 
irbat  is  allowed  to  be  tbe  fineet  private  collection  of  Hoimiain 
Iiimosfone  fossils  in  England.  Many  of  tbe  Brachiopoda  have  af- 
forded tbe  types  for  Mr.  Thomas  Davidson's  splendid  Monograph  in 
the  Palfeontographical  Society's  publications.  Prof.  L.  de  Kooiui 
of  Li^ge,  bas  also  figured  many  of  his  fine  Carboniferous  Orinctdi, 
the  best  of  which,  perbaps,  baa  been  named  after  its  didoovera- 
WoodoerxniM.  To  Mr.  Wood's  liberality  is  doc  the  foundation  of  a 
Huseum  of  Natural  History  in  Richmond.  For  many  yean  be 
nndertook  the  pleoaant  and  instructive  task,  at  bis  own  char"^,  of 
taking  large  parties  of  bis  fellow-townsmen  to  all  tbe  pnunineDl 
geol<igic4il  localities  within  fifty  miles.  In  promoting  ediicati<'Q 
among  the  young,  Mr.  Wood  was  always  verj'  active.  In  18G2,  he 
took  loo  poor  boys  from  Richmond  to  London,  and  at  his  own 
expense  conduoted  them  daily  to  the  Exhibition  and  elsewhere. 

Mr.  Wood  was  always  most  earnest  and  sincere  in  advocating  ti* 
cause  of  Science ;  for  many  years  be  endeavoured,  by  the  intro- 
duction of  Science -I  eel  ure  8  in  hia  native  town,  to  raiBo  up  a  taste 
for  intellectual  pursuits  among  bia  fellow-townRmeii.  Hia  loss  will 
be  greatly  felt  by  a  large  circle  of  friends  to  whom  he  was  endeared, 
not  so  miieh  perhaps  on  account  of  his  scientific  attainments,  as  fnr 
his  social  worth  and  the  kindliness  of  hia  disposition  to  all,  even  tie 
hnmblest  of  his  fellows. 


CoLOURiso  OF  Oolitic  Rocks — Mr.  Judd  has  pointed  out  that 
when  dug  at  great  depths  or  otlierwise  obtained  at  points  where  (hej 
have  not  bct-n  cxpoaml  ti)  atmospheric  influences,  all  the  Oolitic 
rocks  exhibit  an  nlmust  uniform  deep-bluo  tint,  which  is  apparently 
communicated  to  tbcm  by  a  diffusion  through  their  substance  of 
small  quantities  of  snlpbide  of  iron. — H.  B.  Woodward,  Geology  oj 
England  asd  Wales,  p.  1S8. 

Erratum. — In  Mr.  J.  R.  Dakyns's  article,  August  number,  p.  349, 
lino  4,  ingert  "  seen  "  he/ore  "  above." 

'  Sec  Geol.  Mao.  Vol,  V, ;,  6U,  aod  Brit.  Awoc.  Bcp.  Norwich,  186S. 
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-  — American  "  Surface  Geology,"  akd  its  Relation  to  British. 
With  some  Remarks  on  the  Glacial  Conditions  in  Britain, 

ESPECIALLY    IN    REFERENCE   TO   THE   *'  GrEAT   IcE   AoB  "  OF   Mu. 

Jambs  Geikie. 

(PART  I.) 

By  Sba&leb  V.  Wood,  Jun.,  F.G.8., 
lUasta-ated  by  Two  Maps  and  sereral  Sections.^ 

(PLATE  XV.) 

FROM  no  part  of  the  world  have  we  of  late  years  derived  more 
additions  to  the  Geological  Record  than  from  North  America. 
Besides  important  additions  to  the  earliest  pages  of  that  record,  the 
rich  collections  made  hy  the  United  States  Surveyors,  hoth  of  fauna 
and  flora,  from  the  Cretaceous,  Eocene,  and  Miocene  deposits,  have 
thrown  much  light  upon  the  life  history  of  the  Earth ;  and  it  is  even 
contended  that  they  have  bridged  over  the  interval  which,  notwith- 
standing the  Maestricht  beds,  the  Pisolitic,  and  the  Faxoe  Limestones, 
still  remains  sharply  marked  between  the  Cretaceous  and  Tertiary 
formations  of  Europe  so  far  as  they  have  yet  been  examined. 

As  regards  those  latest  deposits,  which,  by  adoption  from  the 
Frenchmen,  as  other  fashions  are  from  the  Frenchwomen,  it  has 
become  the  fashion  to  call  *'  Quaternary," '  and  which  have  received 
of  late  years  so  large  a  share  of  attention  from  geologists,  Americans 
have  not  been  behind  their  European  brethren  in  devoting  to  it 
abundant  investigation.  Memoirs  and  notices  by  Principal  Dawson 
and  others  relative  to  the  newer  Geology  of  Canada  have  made  us 
familiar  with  the  general  features  of  the  Glacial  and  post-Glacial 
formations  of  the  lower  basin  of  the  St.  Lawrence,  as  have  those  of 
Professors  Dana,  Winchell,  and  others,  with  similar  features  in 
the  United  States,  while  recently '  there  has  appeared,  in  the  Report 
of  the  Geological  Survey  of  Ohio,  a  comprehensive  memoir  by  Prof. 

^  The  map  of  Yorkshire  with  sections  will  appear  with  Part  III. 

'  Considering  that  the  term  "  Primary  "  haa  long  become  obsolete,  and  that  the 
term  "  Secondary  "  was  fast  becoming  so,  we  might  have  been  spared  the  absurdity 
of  **  Quaternary."  However,  as  Crinoline  has  done  so,  I  suppose,  it  will  go  out  of 
fashion  in  time.  The  separation  of  Geology  into  "  solid  "  ana  **  superficial  officially 
made  by  the  late  Director  of  the  Geologi^  Survey  of  England,  and  on  the  basis  of 
which  the  maps  of  the  National  Survey  are  to  be  delineated,  is,  to  my  mind,  also  an 
absurdity;  but  in  deference  to  the  leaaers  of  fashion,  I  have  adopted  the  term  of 
"  Surface  Geology"  in  the  title  of  this  paper. 

•  The  Surface  Geology  of  Ohio,  by  J.  S.  Newberry  (Columbu&,  W^V 
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J.  a  Newberxy,  on  Oia  <' Sorfaoe  Deporite '*  of  that  Stiite^  wdtl« 
oonnexion  with  the  genenl  features  of  Glacial  and  portOlail 
geology  preeented  by  the  Central  and  Eastern  parte  of  the  NoA 
American  Continent ;  and  from  which  the  map  of  thoee  regions  lU 
aooompanies  this  paper  is  taken.  A  dieotuaion  of  the  nswitf 
American  geologists  oooors  in  the  tS5th  duster  of  the  2nd  editioirf 
Mr.  Oeikie*8  "  Qreat  loe  Age,**  and  it  seems  to  me  that,  in  the  pmflk 
condition  of  our  knowledge,  the  leading  laota  of  this  Umoir  tf 
Prof.  Newberry  may  be  usefully  epitomized,  and  examined,  in  ib 
way  of  analogy  with  those  observed  conoeniing  our  Bnglish  GHadd 
and  post-GIacial  formations ;  and  I  propose  haze  to  make  As  tH^ 
tempt  to  do  so. 

Commencing  with  the  oldest  Olaoial  evidenoee  in  North  Amerio^ 
Prof.  Newberry  describes  the  grooved  and  furrowed  look-saite 
which  is  to  be  traced  as  far  south  as  the  39th  parallel  of  north  lati- 
tude, and  the  extent  and  direction  of  which  are  indicated  by  tk 
arrows  on  the  map.  This  evidence  of  the  occupation  of  the  Esiton 
side  of  North  America  by  glacier-ice  is  not  confined  to  the  bssin  of 
the  St  Lawrence,  but  extends  in  the  State  of  Ohio  over  the  water- 
parting  of  the  two  great  basins  which  receive  the  drainage  of  the 
central  part  of  North  America  east  of  the  Rocky  Moontains ;  thst  ii 
to  say,  it  extends  on  to  the  northern  edge  of  the  basin  of  the  Hisd*' 
sippi.  These  soratchings  and  groovings,  though  having  a  geiisrd 
north  and  south  direction,  nevertheless  conform,  aooording  to  Ftot* 
Newberry,  in  a  rude  way  to  tlie  present  topography,  and  follow  the 
directions  of  the  great  line  of  drainage.  To  the  action  of  this  ice 
when  the  continent  stood  several  hundred  feet  higher  than  now. 
Prof.  Newberry  attributes  the  excavation  of  the  basins  of  the  great 
lakes,  as  will  be  further  on  described. 

1.  The  oldest  of  the  surface  deposits  is  the  Erie  clay  (No.  1),  the 
origin  of  which  Prof.  Newberry  attributes  to  the  action  of  this  sbeet 
of  glacier-ice  during  the  period  of  its  retirement  before  returning 
warmth,  after  the  continent  had  become  depressed  500  feet  or  more 
below  its  present  level,  and  when  the  basin  of  the  great  lakes 
became,  as  this  ice  receded,  occupied  by  an  inland  sea  of  freshwater. 

Ho  does  not  explain  how,  if  the  continent  were  depressed  oOO  feet 
below  its  present  level,  this  basin  could  be  occupied  by  freshwater, 
seeing  that  such  a  depression  would  bring  all  but  the  upper  etlges  of 
the  ba«in  below  the  sea-level ;  nearly  all  the  area  of  the  basin  of  the 
St.  Lawrence,  as  well  as  a  large  part  of  that  of  the  Mississippi,  in- 
clusive of  the  water-parting  of  tlie  two  basins,  being,  according  to 
the  map  which  accompanies  the  Professor  s  Memoir  and  is  repro- 
duced here,  below  the  800-feet  line.  I  presume,  however,  that  be 
considers  the  sea  to  have  been  dammed  out  by  a  mass  of  the  glacier- 
ice  left  remaining  and  filling  the  lower  and  narrow  part  of  the  St. 
Lawrence  Valley,  which  lies  several  degrees  of  latitude  further 
north  than  Ohio ;  but  if  so,  there  must  have  been  an  equal  re-eleva- 
tion of  the  continent  before  the  growth  of  the  forest  surface  (bed 
No.  2)  over  the  Erie  clay,  because  tlie  warmth  necessary  for  that 
growth  must  have  thawed  the  dam  and  let  in  the  sea,  an  event  of 
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irhivh  there  seems  no  evidence,  the  only  fossil  organisms  which 
occur  in  the  deposits  of  the  lake-basin  being  those  of  land  or  fresh- 
vrater.  So  far  as  I  can  understand  the  case,  however,  there  seems  to 
me  no  necessity  to.  infer  any  depression  until  after  the  formation  of 
beds  Nos.  1  and  2,  as  the  phenomena  indicated  by  these  beds  seem 
explicable  by  returning  warmth  alone,  and  by  the  draining  off  of  the 
lake- waters  after  the  deposit  of  No.  1;  while  the  marine  clays  of  the 
LfOwer  St  Lawrence,  which,  so  far  as  I  have  been  able  to  gather  the 
facts  of  American  geology,  alone  afford  evidence  of  any  submergence 
of  the  St  Lawrence  basin,  seem  to  me,  as  subsequently  explained,  to 
belong  to  a  later  glaciation. 

Prof.  Newberry  contends  that  the  lower  and  unstratified  portion 
of  the  Erie  clay  represents  the  material  eroded  by  the  glacier,  which, 
as  the  ice-sheet  retreated  northward,  it  thrust  out  and  left  behind ; 
and  which  now  forms  a  nearly  continuous  sheet  of  Boulder-clay  over 
the  glaciated  surface.  He  urges  that  this  clay  was  not  deposited 
beneath  the  glacier-ice,  because  it  covers  the  glaciated  surface  in  a 
sheet  sometimes  100  feet  thick,  and  that  it  must  have  accumulated 
at  the  margin  of  the  glacier  as  it  receded.  This,  if  we  substitute  the 
sea  in  Britain  for  the  lake  in  Ohio,  is  in  chief  measure,  the  mode  of 
origin  for  which  I  have  for  many  years  past  been  contending  in  the 
case  of  the  Glacial  clay  of  England,  as  distinguished  from  Mr.  James 
Gkikie's  view  of  its  origin  beneath  the  ioe  itself. 

There  is  one  feature,  however,  connected,  according  to  my  view, 
'With  the  origin  of  the  unstratified  Glacial  clay  of  England  to  which 
I  find  no  parallel  in  Prof.  Newberry's  memoir,  viz.  the  lifting  of 
portions  of  this  extruded  mass,  and  its  distribution  over  the  bottom, 
partly  from  being  dropped  in  small  quantities,  but  principally  in 
sheets  or  masses.  This  seems  to  me  to  have  been  clearly  the  mode 
of  accumulation  in  the  case  of  that  part  of  the  English  clay  which 
overlies  the  Middle  Glacial  sands,  as  well  as  of  some  portion  of  that 
part  of  the  clay  which  has  no  Middle  Glacial  beneath  it,  but  which, 
as  at  Dimlington  and  Bridlington  in  Yorkshire,  contains  within 
its  mass  beds  of  sand  full  of  lamellibranchiate  moUusca  with 
valves  in  some  cases  united.  When,  however,  the  vast  area  of  the 
American  beds  comes  to  be  examined  with  the  same  minuteness  as 
lias  been  the  case  with  the  comparatively  small  area  of  the  British, 
I  do  not  doubt  that  parallel  features  will  be  found  in  them,  unless 
the  water  under  which  the  moraine  was  extruded  was  too  deep  to 
allow  of  this  process.^ 

^  If,  as  some  American  geologists  say,  unstratified  morainic  clay  has  been  found 
overlying  the  forest  surface  in  aituy  then  these  would  seem  to  me  to  be  instances  of 
dropping  from  floating  ice;  for  if  the  ice  passed  over  the  forest,  it  must  have  destroyed 
it.  Some  of  our  Norfolk  geologists  are  now  coming  to  the  opinion  that  the  long- 
known  Forest-bed  of  Cromer  is  not  in  ailk,  but  transported ;  and  if  they  are  right, 
the  theories  based  upon  the  occurrence  of  peats  and  freshwater  shells  in  the  midst 
of  Glacial  clay  will  require  much  reconsideration.  This,  however,  does  not  apply 
to  the  Pakefield  and  Eessingland  root-indented  bed,  which  is  clearly  in  titu.  If 
it  should  turn  out  that  the  Cromer  Forest  and  freshwater  deposits  associated  with 
it  are  not  in  situ,  but  stripped  from  some  distant  land-surface  by  ice,  and  transported, 
analogy  for  such  a  thing  may  be  found  in  some  peaty  masses  which  I  have  observed 
imbeaded  in  the  midst  of  tne  marine-formed  Contorted  Drift  in  tha  Gt^msKt  0^ 
itself. 
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Mr.  Q^ikie  insists  on  the  purely  terrestrial  or\g^  of  all  this  in- 
stratified  Glacial  clay,  and  nrges  his  views  in  the  "  Great  Toe  i^' 
with  the  amplitude  for  which  a  work  specially  devoted  to  tiir 
Glacial  formation  affords  scope.  It  is  impossible  to  meet  his  TarioB 
contentions  within  the  limits  of  a  paper  like  this ;  but  to  insist,  a 
he  does,  that  rock -basins  and  great  valleys  of  erosion  have  bees 
excavated  by  the  tremendous  afi^ncy  which  is  exerted  by  ths 
combined  vertical  and  horizontal  force  of  glacier-ioe  thoosands  d 
feet  thick  moving  over  its  bed,  and  at  the  same  time  to  oontend  tluc 
this  ice  can  have  passed  over  finely-stratified  sands,  snch  as  the 
Middle  Glacial,  pushing  at  the  same  time  under  it  a  thick  moruoe 
of  clay  brought  from  a  distance,  without  disturbing  the  stratificatioii 
in  the  slightest,  does  appear  to  me  a  most  striking  inoonsistencj. 
We  are  reminded  by  it  of  the  steam-hammer  which  forges  a  100-toa 
gim  and  cracks  a  nut  without  crushing  the  kernel ;  bat  glacier-ioe 
is  not  kept  under  the  delicate  control  that  a  steam-hammer  is.  Not 
only  is  the  stratification  undisturbed,  but  within  very  few  feet  of  the 
jimction  of  this  undisturbed  stratified  sand  with  the  morainic  claj 
there  occurs  in  several  places,  both  in  the  East  Suffolk  cliff  and  in 
sections  inland,  a  band  of  molluscan  remains,  mostly  fragmentaty, 
but  containing  intermixed  with  them  an  abundance  of  small  papy- 
raceous specimens  of  Anemia  ephippium,  and  of  the  valves  of  Balanus, 
sharp  and  unworn,  both  of  which  have  evidently  fallen  from  objf«ts 
floating  in  the  sea.  These  small  AnomicB  are  so  thin  and  tender  that 
in  the  fossil  state  in  which  we  find  them  they  exfoliate,  and  mav  be 
blown  into  fragments  by  a  strong  breath  ;  and  in  thoir  li\nng  state 
they  must  have  been  very  fragile.  Are  we  to  suppose  that  glacier- 
ice  htmdrods,  nay,  according  to  the  extreme  glacialists,  thousauds' 
of  feet  thick  passed  over  these  sands,  rolling  its  moraine  as  it  pro- 
grossed,  without  either  distorting  the  stratification  of  such  sands  or 
crushing  the  tender  organisms  within  tliem  which  lie  but  ver}'  few 
feet  from  the  line  of  junction  ? 

Tliis  inconsistency  becomes  to  my  mind  enhanced  by  Mr.  Geikie's 
contention  that  the  worn  shells  and  sliell  fragments  which  occur  in 
some  of  the  morainic  clays,  as,  for  instance,  in  the  purple  clay  of 
Holderness,  the  chalkless  clay  to  the  noith  of  it  and  in  the  Lanca- 
shire clays,  are  due  to  the  ploughing  out  of  anterior  (intor-Glacial) 
pea-beds,  and  the  intermingling  of  the  plonghed-out  shelly  matter 
with  the  land -derived  moraine  material :  for  how,  if  such  thiiiirs 
occurred,  could  the  sea-bed  formed  of  tlie  Middle  Glacial  sands  to 
which   I   have   referred   have   escaped   destruction   if    the    glacier 

^  In  ohjoctinj]:  in  my  paper,  "  On  the  (/liinate  Controversy,"  in  this  Mag^zini 
for  SeptombiT,  187fi,  to  tlu'  extreme  thickness  assigned  to  tlie  ice  of  Brifciiu  durin? 
the  Glaeial  period,  I  spoke  ot  the  existing  Antarctic  ice  being  at  least  6i)0o  l»xt 
thick.  In  this  I  was  led  away  by  the  instances  of  bergs  of  Uibiilar  form  havinir 
been  met  with  in  Southern  seas  which  rose  more  than  500  feet  or  600  feet  above 
the  sea,  given  by  Dr.  Cndl  in  his  work  on  '*  Climate  and  Time."  From  the  descrip- 
tion of  the  Southern  bergs,  however,  given  by  tlie  Chalhfiptr  Expedition,  I  do  ii<»t 
8ee  how  the  Antarctic  ice  can  at  it^  sea  termination  much  exc(»ed  2000  feet,  even  it  it 
reaches  that.  It  seems  probable,  however,  so  far  as  Greenland  and  SpitjjbtTjpen 
disclose  the  case,  that  land-ice  is  of  less  thickness  at  the  glacier  terminations  than 
^ where  it  lies  in  greater  masses  further  inland. 
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massed  over  it  ?  The  shells  and  shell-fragments,  more  or  less  worn, 
(rhich  occur  in  these  morainio  clays,  owe  their  presence  in  my  opinion 
0  the  alternate  advance  and  recession  (such  as  now  in  Qreenland 
ccurs  from  century  to  century)  of  the  glacier-ice  along  the  suh- 
aarine  valleys  or  fiords,  through  which  its  escape  to  the  sea  took 
»laoe;  by  means  of  which  the  sea-bottom  of  these  fiords  was 
sloughed  out  and  became  mixed  up  with  the  moraine  on  the 
dvance  of  the  ice,  and,  thus  intermixed,  was  deposited  where  it  is. 

To  the  same  action,  I  conceive,  was  due  all  that  part  of  the  shell- 
»ed  contained  in  the  upper  layers  of  the  Middle  Glacial  sands  just 
eferred  to  which  consists  of  worn  shells  and  shell-fragments ;  these 
laving  been  carried  away  by  the  currents  when  the  ice  advanced  on 
he  submarine  valleys,  and  been  deposited  in  these  sands  in  asso- 
iation  with  organisms  fallen  from  floating  objects.  When  the 
glacier-ice  receded,  this  ploughing-out  ceased,  and  the  moraine  ac- 
ordingly  ceased  to  be  intermixed  with  shell-fragments,  portions 
>f  it  being  carried  away  and  dropped  over  these  sands,  while 
he  bulk  of  it  remained  as  extruded  during  recession  on  the  bottom 
ipon  which  the  glacier  had  rested. 

Dififerent,  however,  to  this  must  have  been  the  conditions  to  which 
he  sand  thread  full  of  perfect  valves  of  Nucula  Cobboldia  which  is 
»resent  in  the  midst  of  the  morainic  clay  near  the  foot  of  Dimlington 
Jliff  owed  its  origin ;  for  in  that  case  the  only  explanation  seems  to 
>e  that  the  shells  established  themselves  in  a  thin  bed  of  sand 
eposited  on  the  submarine  moraine,  cmd  were  afterwards  killed 
nd  buried  by  the  descent  upon  them  of  a  sheet  of  the  moraine 
Lfted  from  some  other  place.  This  bed  or  thread  of  sand  with 
hells  was  discovered  by  Prof.  Hughes  and  Mr.  Leonard  Lyell, 
luring  a  visit  made  by  them  to  the  Holderness  coast,  in  company 
frith  Sir  Charles  Lyell;  and  in  a  memorandum  sent  to  me  with 
he  shells  by  Sir  Charles,  the  thread  of  sand  was  described  as 
ntercalated  in  the  mass  of  the  unstratified  chalky  clay,  and  packed 
nth  perfect  valves  of  Nucula  Cohholdia  and  other  shells,  some  of 
hem  having  the  valves  united.  The  position  of  this  thread  appears 
0  have  been  below,  but  near  to,  the  beds  of  sand  occupying  hollows 
n  the  chalky  clay  forming  the  lower  part  of  Dimlington  Cliff, 
,nd  which  were  distinguished  by  Mr.  Home  and  myself  in  our  sec- 
ions  ^  by  the  letter  b,  and  which  are  overlain  by  the  purple  clay, 
Iso  full  of  chalk  debris  in  its  lower  part,  but  getting  less  and  less 
ipwards  till  such  debris  disappears  altogether  from  the  clay.  These 
and  beds,  6,  are  very  irregular,  and  in  some  places  they  are  inter- 
dixed  with,  and  in  others  replaced  by  sheets  of  morainic  clay, 
v'bich  present  the  distinct  appearance  of  having  been  dropped 
uocessively.  Mr.  Geikie,  in  referring  to  the  beds  thus  described 
*y  Mr.  Home  and  myself  under  the  letter  &,  speaks  as  though 
^e   regarded  them  as  marking  an  interval  in  which  the  chalky 

1  Quart.  Jonm.  Geol.  Soc.  toI.  xziy.  p.  148 ;  and  Pah&ontographical  Society's 
Dlnme  for  1871 ;  Introduction  to  Crag  Mollnsca,  Supplement,  p.  xxt.  Thej  are 
Iso  shown  in  the  section  which  accompanies  the  sequel  of  the  present  paper 
nder  the  letter  d. 
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iMiiverled  inUi  land  and  denuded,  and  then  Bubseqnenllj 
III  rii'iitli  llii)  i;ea;  but  tbia  view  was  only  offered  by  u 
|i.inii'>i.s  rihrrnative  to  liiat  which  we  regarded,  and  whirfi 
^  till.  ,1-1  lilt  true  one,  viz.  a  change  in  the  source  of  tie 
iiKiNn^il  ihii:  to  the  recession  of  the  ice  from  the  cbalk 
wiiiuU  tlio  ^'nxdual  dimiuution  upwards  in  the  OTerlving 
liu  ilmlk  di'ljris,  and  its  eventual  disappearance  in  lb* 
■I  ]>iiitiiiii,  seemed  to  us  to  indicate.  In  many  sub- 
■.fiTrni'MS  lli.it  1  have  made  to  the  purple  clay  of  Yoit- 
liavi-  irivni  i^il.ly  re^'iirdt-d  it  aB  one  continuous  dejiotit 
■  liilky  il.iy  (il*  Kiist  Anglia,  and  with  the  chalky  cUj 
lil.ilMii-  ill.-  [iiirplc,  fonuH  the  base  of  the  Glacial  fonns- 
I  hVi-'  III  Il:'|.k'riies».  and  seems  identical  with  that  of 
-■  ;  I  'n  lioing  a  separate  deposit,  thia  purple  cUj 
I  '  .i'  l>i'i^.  fiiriuB.  in  my  view,  about  the  middle 
■  1  Il.li  L.i.L'  uribriikeu  formation,  the  Upper  Glacial,  tbe 
r  whjtli  ti^uk  piaee  mainly  in  the  horizontal  form,  and  of 
i:  cirilky  I'lny  nf  East  Anglia,  and  tliat  forming  the  ba«e- 
y  "f  Siiutli-F^nst  HoldeiTiees,  coostitutea  the  earliest  and 
:  piirt.  aijil  ihe  (^hniklesa  clay  of  Holdemeaa,  into  whidi 
!.■  .I.iy  witli  ch.'dk  pusses  Up,  and  the  clay  of  the  raon 
r.iiiiitip's,  I'oii^riiuicB  tlio  succeeding  parts. 
in:;   II'  ihi'   i.i-i'   III'  luin'tiiuic  day   resting  upon  stratifieil 

.1   ■      II.'!-.    I    ».iilil  call  attention  to  the  evideuc** 

;    kiud  of  effect  has  actually  resulted 
■I  ii|M.u  Btrala  softer  than  rock  when 

1  Norfolk  \ 
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i»rbicb,  where  it  did  not  sweep  them  out  altogether,  twisted  them  up 
in  a  violent  manner  with  other  sands  on  which  they  had  reposed. 

Can  any  one  contend  in  the  face  of  this  that  sands  would  be  left 
undisturbed  by  glacier-ice  moving  over  them  with  vast  pressure  ? 

In  describing  the  morainic  chalky  clay,  of  which  the  Upper  Glacial 
in  East  Anglia  is  formed,  as  having  arisen  in  part  from  droppings,  I 
liave,  until  now,  spoken  of  the  dropping  agent  having  been  bergs, 
l>at  it  has  since  struck  me  that  I  have  been  to  that  extent  in  error. 
1  was  led  to  this  view  because,  while  it  seemed  to  me  clear  that  the 
morainic  matter  was  dropped  from  floating  ice,  I  was  pressed  by 
the  impossibility  of  floe  (or  sea  surface-formed)  ice  attaching  itself 
to  morainic  material  extnided  in  deep  water. 

In  the  case  of  this  chalky  clay,  however,  though  the  evidences  of 
its  having  arisen  in  part  by  the  droppings  of  the  material  from 
iloating-ice  are  to  my  mind  conclusive,  yet  we  fail  to  find  evidences 
in  it  of  the  action  of  grounding  bergs,  such  as  is  so  conspicuous  in 
the  case  of  the  Contorted  Drift.  At  the  same  time  the  general  bearing 
of  the  facts  connected  with  the  accumulation  of  the  chalky  clay 
seems  to  me  to  indicate  that  during  it  the  sea  in  East  Anglia  was  too 
shallow  to  give  rise  to  bergs,  for  these  only  break  off  where  the  water 
is  deep  enough  to  buoy  up  and  break  off  the  glacier  termination.  It 
is  only  some  of  the  Qreenland  fiords  where  the  water  is  very  deep 
that  thus  give  rise  to  bergs,  for  in  others  the  glacier  ending  in  shallow 
i¥ater  melts  in  the  sea,  and  fills  up  the  fiord  with  its  moraine.^ 

We  must,  I  now  think,  infer  that  the  agent  by  which  this  dropping 
vraa  accomplished  was  floe  ice  packed  in  winter  around  the  glacier's 
termination  which  froze  to  the  bank  of  morainic  material  at  the 
glacier's  foot,  and  so  carried  it  away  in  sheets  and  masses  during 
summer. 

Besuming  now  our  examination  and  enumeration  of  American 
Olacial  phenomena,  we  find  that  the  Erie  clay,  which  in  its  lower 
part  is  unstratified  like  the  Upper  Glacial  clay  of  East  Anglia  and 
of  the  North  of  England,  and  the  Scottish  Till,  is  similarly  full  of 
rolled  debris ;  and  it  is  described  by  Prof.  Newberry  as  passing  up 
in  Ohio  into  laminated  beds  which  he  attributes  to  the  deposit  of 
the  finer  material  ground  up  by  the  glacier-ice  and  suspended  in  the 
water  of  the  basin.  The  interbedding  of  material  ground  up  by 
glacier-ice  in  ordinary  mud  in  the  form  of  streaks  of  chalky  silt, 
may  be  distinctly  seen  in  the  Contorted  Drift  of  Cromer  Cliff,  as  we 
follow  it  north-west  from  Cromer  towards  Weyboume,  that  is  to 
say,  towards  the  place  where,  during  the  formation  of  this  Drift,  the 
glacier  discharged  into  the  sea.  In  the  chalky  clay  (or  Upper 
Glacial)  of  East  Anglia,  owing,  as  it  seems  to  me,  to  the  shallowness 
to  which  at  that  stage  of  the  Glacial  period  the  sea  had  in  that 
part  of  England  become  reduced,  we  do  not  encounter  this  feature  ; 

*  Brown,  Journal  of  the  Geog^phical  Soc.  for  1871,  p.  351.  Mr.  J.  W.  Tayler, 
aUo,  in  the  same  journal  for  1870,  p.  228,  says  that  numerous  fiords  in  Greenland 
haye  been  so  filled  up  by  the  moraines  extruded  by  the  glaciers,  that  boats  hardly 
find  depth  of  water  enough  to  ascend  them,  while  one  of  the  irlaciers,  that  north  of 
Fredenckshaab,  which  is  15  miles  wide,  and  ends,  not  in  a  nord,  but  on  the  open 
coast,  has  formed  a  beach  at  its  base  with  the  moraine  it  extrudes. 
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but  in  HotdeiQege.  where  the  chalky  clay  passes  up  into  the  ^ta^ 
Bnil  where,  as  explained  in  the  sequel,  tlie  n-nter  wa«  Je«pti< 
though  not  deep  enough  to  form  bergs,  the  morainic  cliitltj  <^ 
does  seem  to  pasH  up,  tlirough  an  intermediate  stage  formed  tf 
dropped  aheota  of  luoroinio  matter,  into  clay  of  tliA  character  wiiii 
Pri^f.  NeiTbeiry  desoribea  the  upper  portion  of  the  Erie  cUj  B 
be ;  for  though  it  is  not  usually  laminated,  it  is  full  of  l«QtienIli 
beds  of  sand,  and  to  my  eye  presents  the  appearance  of  s  cl)j 
formed  by  maribe  deposit  from  the  ground'Up  material  of  a  glaciet 
oarriod  away  in  anspeosion.  and  acoompanied  by  copious  droppiup 
of  rock  debris  from  fluating  ice  (see  the  clays  e  and  d,  with  !«iiti- 
oalar  beds  of  saiid  and  gravel,  c'  nod  d'  therein,  sbowu  in  the  £beet 
of  seotioDB  aocompanying  the  seqiiol  of  this  paper). 

On  the  Canadian  highlands,  where  the  material  acted  on  wu 
harder,  and  where  free  drainage,  as  he  calls  it,  cashed  awity  tht 
finer  portions,  this  clay.  Prof.  Newberry  saya.  is  largely  replaced  bj 
gravel-aaoda  and  boulders.  As  the  gmTel-Banda  of  these  bighlttniii 
oould  not,  however,  have  been  acoumnlated  until  the  glacier-ice  W 
receded  trom  thence  so  as  to  give  place  for  their  deposit,  we  seem 
to  have  here  a  formation  of  Eskers  aud  Kames,  such  as  ia  discuned 
further  on.  If  the  gravels  of  these  Canadian  highlands  occupy,  »«  I 
imagine  they  do,  elevatioas  above  the  Erie  clay,  and  also  above  tbsl 
to  which  the  submergence  under  which  the  Leda  and  Champliin 
olays  accumulated  reached,  it  seems  to  me  that  they  must  be  Esken 
or  Kanies  formed  by  the  melting  of  the  glacier-ice  when  it  ceaaed 

lake  waters,  and  had  receded  to  these  highlands.  If,  however,  the; 
be  not  thus  referable  to  Kame  and  Eaker  origin,  or  if  they  contain 
marine  organisms,  they  would,  perhaps,  answer  to  the  Uountain 
(Moel  Tryfaen)  aud  high-level  (Macclesfield)  sands  of  England 
and  Wales,  which  represent  the  latest  portion  of  the  Upper  Glacial 
formation  when  the  ice-sheet  had  wasted  back  to  the  mountain 
peaks,  and  Korth-west  Britain  had  assumed  the  condition  of  on 
archipelago.  Assuming  them,  however,  not  to  be  of  marine  origin, 
but  Kames  and  Eskers  (which,  as  presently  explained,  ia  the  form 
assumed  by  the  moraine  when  the  recession  of  the  ice  takes  place 
subaerially),  it  seems  to  me  that  they  must  be  the  product,  and 
the  latest  product  too,  of  the  last  glactation  to  which  the  region 
they  occupy  has  been  subjected ;  for  not  only  would  the  Ice  in  its 
subaerial  recession  leave  such  beds,  but  it  must,  it  seems  to  me, 
have  ploughed  out  and  destroyed  the  formations  of  any  previous 
glaoiation  wherever  it  encountered  them  in  its  advance,  and  there- 
fore up  to  wherever  such  subsequent  ioe  reached. 

Prof.  Newberry  observes  that  although  the  Erie  clay  occupies  the 
same  relation  to  the  glaciated  rook-surface  as  do  the  "  Leda," 
"Champlain,"  and  "Glacial"  clays  of  the  Atlantic  coast,  there  it 
not  sufficient  evidence  to  connect  them  as  exactly  synchronous; 
but  he  coDsidera  that  these  Atlantic  ooast  clays  were  formed  in  a 
Mmilar  way  to  that  of  the  Erie  clay ;  that  is  to  say,  daring  a  suhei- 
denoe  of  the  Eaetem   coast  of  North  America  when  the  Atlantio 
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mratera  in  following  the  retreating  glacier  covered,  and  in  part  strati- 
fied, the  material  ground  up  by  it.  In  this  view  he  (as  do  also 
several  American  geologists)  differs  from  Principal  Dawson,  who 
has  attributed  the  glaciation  of  the  Atlantic  coast  to  an  Arctic 
ourrent  carrying  icebergs,  instead  of  to  glacier-ice,  either  solely  or 
in  connexion  with  a  following  sea.  It  seems  to  me,  however,  as 
explained  presently,  that  though  formed  in  the  way  Prof.  Newberry 
contends,  they  are  more  probably  synchronous  with  the  beds  Sa, 
presently  described,  or  even  to  some  extent  with  the  Lake  terraces, 
or  beds  No.  4. 

2.  The  formation  which  immediately  succeeds  the  Erie  clay  in 
Ohio  is,  according  to  Prof.  Newberry,  that  of  a  terrestrial  surface 
indicated  by  forest-beds  with  logs  and  stumps,  and  sometimes  up- 
right trees,  of  which  beds  he  gives  many  instances.  This  formation 
(No.  2),  or  the  deposits  associated  with  it,  contains  the  bones  of 
Elephant,  Mastodon,  and  the  giant  Beaver,  and  it  indicates,  accord- 
ing to  the  Professor,  a  climate  somewhat  colder  than  that  now 
prevailing  in  the  same  region,  though  some  of  the  forest-remains  of 
Ohio  contain  a  large  number  of  plants  still  growing  there. 

With  reference  to  this  terrestrial  surface,  Prof.  Newberry  observes 
tliat  no  certain  proof  has  yet  been  detected  in  America  of  the  return  of 
the  glaciers  to  the  area  which  they  had  before  occupied  and  abandoned 
after  the  intervention  of  a  milder  climate,  such  as  is  found  in  Europe, 
Now  the  preservation  of  so  considerable  an  extent  of  forest-grown 
surface  to  the  Erie  clay,  that  is,  l)etween  the  deposits  No.  1  and  those 
presently  to  be  described  under  the  symbol  3a,  seems  repugnant  to 
such  an  oscillation  of  climate ;  because  this  surface,  and  indeed  the 
Erie  clay  itself,  would,  we  must  infer,  have  been  ground  out  and 
destroyed  by  any  re-occupation  of  its  former  site  by  glacier-ice,^  and 
in  such  case  the  deposits  which  succeed  it  would  all  appear  to 
belong  to  that  period  which,  having  followed  the  retreat  of  the  con- 
fluent glacier-sheet  in  Britain  and  the  elevation  of  this  country  from 
its  general  submergence,  English  geologists  have  hitherto  been 
accustomed  to  call  post-Glacial. 

If,  however.  Prof.  Newberry  is  right  in  regarding  the  glaciation 
which  gave  rise  to  the  Erie  clay  as  having  taken  place  when  Ohio 
stood  500  feet  and  more  above  its  present  level,  and  the  beds  which 
succeed  the  forest-surface  as  having  been  accumulated  when  the 
same  area  was  depressed  to  as  great  or  even  greater  depth  below  that 
level,  this  difference  of  altitude  (1000  feet)  may  have  so  reduced  the 
second  glaciation  as  to  prevent  the  re-occupation  of  the  Erie  clay 
area  in  Ohio  by  glacier-ice,  notwithstanding  the  return  over  the  earth 

^  This,  as  described  further  on  in  the  present  paper,  has  been  the  case  with  the 
Lower  Glacial  deposits  in  England.  Mr.  Geikie  seems  to  see  no  difficulty  in  glacier- 
ice  passing  over  forest-surfaces  without  destroying  them,  although  to  such  ice  is 
attributed  the  excavation  of  great  valleys  and  rock-basins,  but  I  do  not  believe  in  the 
possibili^  of  such  a  thing,  the  two  resulting  actions  appearing  to  me  irreconcilable 
with  each  other.  Acooimng  to  Prof.  Dana  the  thickness  of  the  ice  which  passed 
over  the  northern  part  of  uie  United  States  was  6000  feet,  exerting  a  pressure  of 
300,000  lbs.  to  ti^e  s(mare  inch,  while  it  was  double  this  on  the  watershed  between 
Canada  and  Hudson's  JBay.  I  am,  however,  very  sceptical  of  these  vast  thicknesses 
of  ice  anywhere. 
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generally  of  conditioQB  as  frigid  as  those  which  prevailed  daring  (bi 
first  gluciatioa.  On  the  other  hand,  if  there  nerer  was  anytiiite 
more  thun  such  a  limited  depression  of  the  St.  JLawrenoe  buia  u 
fluffioed  to  bring  the  Atlantic  waters  over  those  parts  whicb  w 
cx>vered  by  tht:  Ledo,  Champlain,  and  other  coarine  clays  of  the  wtf- 
distritslG  (and  I  fail  to  see  how  there  could  have  been  more),  *t 
should  not  find  this  explanation  of  difference  in  level  aviul*lil«  « 
an  explanation,  but  be  driven  to  infer  that  the  glaciatioo  to  wbiii 
the  beds  overlying  the  forest -surface  were  due  was  a  minor  one;  M 
that  the  ice  did  not  reach  tu  its  former  position,  but  damming  Dp  Ih 
lower  valley  of  the  St  Lawrenee  (which  lies  in  severaj  degrees  hitter 
latitude  than  Ohio),  it  filled  the  lake-haain  with  the  waters  produos! 
by  its  dissolntion,  over  which  drifted  the  ioe  from  whose  droppingL 
and  from  the  mu<l  and  gravel  taken  np  by  currents  from  the  glacin 
discharge,  these  beds  appear  by  Prof.  Newberry's  deeoription  to  be 
made  up — beds  which  possess  very  much  the  physioal  charaoter  af 
the  Contorted  Drift  of  Cromer,  without  its  included  marl  maesei,  » 
well  na  of  the  purple  clay  of  the  district  near  Flamborougb  H«id 
which  is  shown  in  the  sections  accompanying  the  sequel  of  dui 
paper  under  the  letter  d. 

'A.  The  beds  thus  overlying  the  forest-surfao-e  in  Ohio  consifti 
according  to  the  Professor,  of  clays,  sands,  and  gravels  of  variooi 
kinds,  sometimes  containing  boulders  as  well  as  having  boulden 
extensively  scattered  over  them.  These  beds,  to  which  I  have  already 
Inferred  under  the  symbol  3a,  he  considers  were  deposited  by  tLe 
Iftke-wators  whik-  tk-  Ciinii.Iiiui  hifildands  were  occupied  by  ^Ucm- 
ice,  from  which  bergs  breaking  off  drifted  over  the  lake-basin  and 
scattered  blooke. 

Looking  at  the  general  group  of  facts  affecting  the  American 
region  as  described  by  Prof.  Newberry,  and  at  the  general  facts  with 
which  a  long  study  of  the  English  beds  have  made  me  familiar,  I 
strongly  incline  to  the  belief  that  both  in  America  and  in  Europe 
there  have  been  two  glaciations  only  ;  one,  the  greater,  during  which 
the  beds  that  I  terra  glacial  were  accumwiated,  and  when  Britain 
nnderwent  its  general  submergence;  and  the  other,  the  leas,  which 
WHS  Bubaequent  to  the  general  emergence  of  this  country,  hut  oc- 
curred while  the  South  of  England  was  still  partially  submerged,  and 
the  North  of  England  and  South  of  Scotland  had  undergone  partial 
resub mergence,  and  during  which  the  older  part  of  the  beds  that  I 
term  post-GIaCial  were  accumulated.  I  think  that  if  we  take  into 
consideration  the  greater  height  of  the  glacier  generating  land  ia 
Britain  over  that  in  Canada,  this  minor  glaciation  bears  the  same 

troportion  to  the  major  in  both  countries ;  for  the  Canadian  high- 
indfl  forming  the  northern  lip  of  tho  St.  Lawrence  basin,  and  on 
which,  according  to  Prof.  Newberry,  the  ice  terminated  and  sent  off 
its  bergs  during  the  accumulation  of  the  beds  3a,  lie  between 
latitude  15°  and  50°,  which  is  at  least  5°  of  latitude  short  of  that 
to  which  the  grooved  rock-surface  of  Ohio  shows  the  glacier-ioe 
giving  rise  to  the  Erie  clay  had  reached.  In  Britain  there  is  not 
_lhis  difference  in  latitude  between  the  limits  of  the  major  and  minor 
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^laciations,  and  it  seems  to  be  still  less  in  Switzerland,  because  both 
oountries  are  more  mountainous  than  Canada,  and  the  conditions  are 
therefore  in  this  respect  not  parallel ;  but  the  similarity  is  to  be  dis- 
covered in  the  circumstance  that  the  glaciers  of  the  minor  glaciation 
"Were  in  Britain  nonconfluent  (to  any  great  degree  at  least),  while 
in  America  the  confluent  sheet  which  they  formed  was  arrested  on 
the  Canadian  highlands  instead  of  reaching  to  the  centre  of  Ohio,  as 
the  confluent  sheet  of  the  major  glaciation  had  done. 

Inasmuch  as  during  its  greatest  extension  the  ice  in  Britain  did 
not  reach  much,  if  any,  south  of  the  d2nd  parallel,  while  in  Eastern 
North  America  it  reached  to  the  39th,  it  seems  clear  that  the  marked 
difiference  in  climate  between  the  two  regions  which  now  exists,  and 
is  due  to  the  influence  of  the  Gulf  Stream  and  the  action  of  the 
prevalent  winds,  existed  in  a  similar  degree  during  the  major  glacia- 
tion ;  and  we  are  assured  by  American  geologists  that  in  a  sinnlar 
way  the  existing  preponderance  of  winter  cold  in  £astem  North 
America  over  that  in  Western,  which  now  obtains,  obtained  also 
during  the  Glacial  period,  as  the  evidences  of  glaciation  have  not 
on  the  Pacific  coast  been  detected  much  if  at  all  south  of  the  49th 
parallel.  These  appear  to  me  to  be  very  pregnant  facts  indicative 
equally  of  the  cosmic  origin  of  the  Glacial  period,  and  of  the 
inapplicability  of  the  Excentricity  theory  of  Dr.  Croll  to  its  explana- 
tion ;  because,  by  the  express  statements  of  its  author,  the  influence 
of  excentricity  would  be  inoperative  on  climate  were  it  not  for  its 
effecting  a  complete  diversion  from  Western  Europe  of  the  Gulf 
Stream,  and  its  similar  operation  upon  the  great  currents  of  the 
Pacific  and  other  oceans,  as  well  as  the  prevalent  winds. 

An  identity  of  character  between  the  vegetation  which  intervenes 
between  the  Erie  clay  surface  and  the  beds  Za^  and  that  now  grow- 
ing in  the  same  region,  would,  if  free  from  question,  be  of  great  im- 
portance, because  so  much  uncertainty  attaches  to  the  evidence 
afforded  by  mammalian  remains  upon  the  question  of  climate ;  some 
geologists  contending  that  we  are  entitled  to  infer  from  the  presence 
of  certain  of  these  mammalia,  especially  the  Hippopotamus,  a  period 
of  warm  or  at  least  temperate  climate;  while  others  insist  that 
mammalia  adapt  themselves  so  easily  to  all  climates  that  they  furnish 
no  reliable  evidence  upon  the  question ;  and  they  endeavour  to  get 
over  the  dijfficulty  of  the  Hippopotamus  inhabiting  a  country  whose 
rivers  would  have  been  thickly  frozen  over  during  winter,  under 
conditions  of  climate  much  short  of  glacial,  by  attributing  to  this 
animal  migratory  habits  like  those  of  the  Reindeer  and  Musk  Ox, 
notwithstanding  that  in  its  living  state  it,  and  indeed,  I  believe,  all 
Pachydermata,  show,  as  far  as  known,  no  migratory  disposition  at  all. 
In  the  case  of  a  flora,  however,  to  a  great  extent  identical  with  one 
still  growing  on  the  same  region,  no  such  uncertainty  could,  I  think, 
arise ;  and  if,  therefore,  in  the  interval  between  the  Erie  clay  and 
the  beds  3a  we  got  such  a  flora,  we  could  hardly  deny  the  interven- 
tion of  a  temperate  climate ;  and  were  such  an  established  fact  in 
American  geology,  it  would  furnish  a  strong  support  to  the  case  of 
a  similar  interlude  between  those  two  glaciations  of  major  and  minor 
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>nt.  of  wliicli  I  consider  tLe  English  fonnations  to  afford  evidence, 
f.  Newherry,  howaver,  observes  that  most  of  the  forest  ioter- 
i'ng  between  the  Krie  clay  and  the  beds  3a  was  Coniferous,  ami 
'  as  il  iiii'liidds  the  Cedar  and  Cranberry,  it  may  be  regarded  u 

ii'.itiriL:  '  'li^'iiite  sfjmen-hat  ouhler  than  the  present;  for  it  is  not 

rilii'  ilii-  iiiivst-heds  which  yield  bo  many  of  the  plants  which 

!  -I  'W  111  tlif  same  localitieB,  and  which  could  not  have  grown 

'  li;    >''   ]i.i<!  )ieeu  iniioh  colder,  nreof  the  same  age  as  aretboea 

!     ii-  ■    ■  hiri:^'  liolwoeii  the  Erie  clay  and  the  be^ia  3«,' 

I  I'X'ver,  !n)  borne  in  mind  that  if  the  foreet-beda  thoi 
<^  L  ..  I  '  II'  ailii.  II  ^eat  amelioration  must,  it  seems  to  me. 
.  u-.if.,.:  .  li.ii'  uhIl'ss  the  ice  had  completely  thawed  out  of  tha 
.r  viilli'v  i)f  thi?  St.  Lawrence,  which  lies  in  several  degree* 
lirt  liitiiuiie  tliun  Uliio,  the  lake-basin  could  not  have  been  laid  drj 
s  I"  .i.ii]i|iiiit  .1  fnrest  growth;  because  an  amelioration  sufficient 
1  t.p  |.  [i  i-c  ilii.  ( iliio  portion  of  the  basin  from  the  glacier-ioe 
i.iii'I  '■)  il(i>  Erie  clay,  and  by  the  striated  surface  down  to 
I  I'i'  '■'■'-*  .  uiiulil  hnve  only  brought  about  those  conditions  which 
•'■'  -.  r  li  ■  i|  liy  rriiC.  Newberry  as  giving  rise  to  the  beds  3a,  and 
I  )'  i  '  '<  I  .'ii'.^l  N>  iLe  return  of  a  minor  glaoiation;  viz.  the 
11^    ii  '  '   ■     '  I   i-li.isin  with  freshwater  instead  of  the  for- 

i'li  ..i  I  ■  ■  11  ;  ■  ■  .  .Miiri'iiver,  how  could  the  lako-basin  have 
111   !■■■     .'■    !i  !  ■:    ■■■■'1j   I'reshwater  after  a  Innd-surlace,  unless  s 

nil  •-'• M^  luLik  ])lace,  minor  in  degree,  but  sufficieni 

I'L'Li  ■!■      ■     ■■■.■.    .    i  |.  _v  111'  the  St.  Lawrence  with  ice  ? 

\  li-f'  >  ■      ,  ;  .1.   ni  lie  the  case,  however,  as  to  the  nature  of 

mm.i]  .  luii'.tir  ^hicli  i)ivL-i?de[l  the  minor  gkciation.  1  Ihiult 
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this  water-parting,  and  bo  invaded  the  lake-hasin,  some  marine 
organisms  do  not  ooour  in  the  deposits  of  that  hasin.  Not  only  does 
Prof.  Newberry  make  no  mention  of  any  such,  but  Mr.  Hinde,  in  a 
paper  in  the  Canadian  Journal  for  April,  1877,  insists  that  none  but 
land  and  freshwater  organisms  have  occurred  in  them.  It  seems  to 
me,  therefore,  in  the  absence  of  better  explanation,  that  the  gravels 
thus  occupying  the  Ohio  water-parting  are  not  of  marine  origin,  but 
have  come  into  existence  in  a  di£ferent  way  altogether,  viz. : 

Not  having  seen  the  Eames  and  Eskers  of  Ohio,  or  even  those  of 
Ireland,  I  of  course  can  only  form  my  opinion  by  analogy;  but 
those  of  Scotland  I  have  seen  throughout  most  of  the  Highlands  of 
that  part  of  Britain,  and  on  both  sides  of  them  as  far  north  as 
Inverness ;  and  it  appears  to  me  that  Mr.  Jamieson's  view  of  their 
origin,  from  the  melting  subaerially  of  ice  which  formed  in  the 
mountain  districts  of  Scotland  posterior  to  the  emergence  of  our 
island  from  its  great  depression,  is  the  correct  one.  Not  only  so, 
bat  nothing  to  my  mind  is  more  confirmatoiy  of  the  view  for  which 
Prof.  Newberry  and  I  contend  of  Glacial  clay,  or  Till,  having  had 
a  submarine  origin,  than  the  contrast  afforded  by  this  Esker  and 
Kame  drift.  When  a  glacier  terminates  in  the  sea,  or  a  lake, 
the  moraine  material  extruded  and  left  behind  by  it  in  its  recession 
is  only  washed  out  into  gravel  where  it  is  subjected  to  current 
action.  This  action  is  exceptional,  and  may  perhaps  be  induced 
by  the  outflow  here  and  there  of  streams  of  freshwater  from  beneath 
the  ice.  In  whatever  way,  however,  the  currents  be  caused,  the 
formation  of  gravel  during  morainic  extrusion  with  submergence 
seems  to  me  to  be  partial,  and  the  great  bulk  of  the  material  to  be 
accumulated  in  the  unwashed  form,  because  nearly  all  the  glacier- 
ice  is  either  carried  away  piecemeal  from  the  termination  of  the 
glacier  in  the  form  of  bergs,  to  dissolve  elsewhere,  which  is  the 
case  where  the  water  is  deep  enough ;  or  else  it  wastes  imperceptibly 
away  into  the  sea  that  washes  the  glacier,  which  is  the  case  where 
the  glacier  terminates  in  water  too  shallow  to  give  rise  to  bergs. 
When,  however,  the  glacier  ends  short  of  the  sea,  t.e.  on  land,  these 
conditions  are  reversed ;  for  all  this  ice  dissolves  in  the  glacier  itself, 
and  pouring  from  beneath  it  as  water  forms  a  torrential  river,  wash- 
ing out  the  moraine  material  into  gravel,  which  the  glacier  as  it 
recedes  leaves  in  heaps  and  ridges,  while  the  muddy  particles  are 
carried  off  in  suspension  by  the  river.  Thus,  it  appears  to  me  that 
the  unfossiliferous  gravel  which  forms  the  principal  part  of  the  Drift 
of  the  Scottish  Highland  valleys  arose  from  the  melting  back  sub- 
aerially  of  the  nonconfluent  glaciers  of  the  Hessle  period.  This 
period  I  contend  was  one  of  limited  re-submergence  which,  reaching 
its  maximum  during  the  deposit  of  the  Hessle  clay,  was  confined 
to  the  northern  parts  of  Britain.  It  is  also  the  period,  as  it  seems 
to  me,  during  which  the  Glen roy  roads  were  formed;  and  I  observed 
that  near  the  sea  or  the  great  lochs  in  the  southern  extremity  of  the 
Highlands,  the  moraine  material  consisted  principally  of  gritty 
Boulder-earth,  and  at  the  northern  extremity,  as  about  Inverness, 
it  passed  downwards  into  similar  earth ;  while  in  the  higher  ^olk^^^ 


of  the  nighlftiids  Ilie  Drift  was  entirely  of  Kame  clianet^r,  u 
gravel  with  boulJera,  though  Boulder-oarth  covers  the  taonnbn 
aides  up  to  great  elevationa.  Assnming,  therefore,  t.liat  the  north  cf 
Britain  rose  from  its  limited  auhmergenoe  during  the  Hesale  periori. 
aiii]  before  the  glaciers  occupying  the  valleys  of  the  monnliin 
distriota  had  wholly  melted  back,  aiid  then,  after  it«  elevatiou,  tint 
this  melting  back  look  place  Huhnerially.  we  seem  to  me  to  j^  *a 
'  explanation   of  much  of    the   complex   and   seemingly   oon^ietiiig 

i)benomeiia  of  that  region  ;  for  in  the  higher  valleys  which  d» 
initad  post-Glacial  submergence  waa  insufficient  to  bring  down  ID 
the  aea-level.  the  valley  drift  would  be  all  of  this  character,  whih 
in  the  lower  valleys,  especially  towards  their  seaward  t«rDiiiistijoin, 
the  lower  part  of  the  Drift  would  be  principally  unwashed  moniiM, 
wad  the  upper  part  of  it  washed  Kame  gravel. 

Applying  this  now  to  the  case  of  (Jhio,  and  asBumiDg.  for  Hm 
reasons  given  previously,  that  no  depression  of  that  part  of  the  con- 
tinent took  place  until  after  the  growth  of  the  for«*st-§Hrfacfl  (2), 
which  resta  on  the  Erie  ciny,  it  appears  to  me  that  when  the  ioe-dwt 
to  which  Prof.  Newbeny  attributes  the  Erie  clay  reacbeil  to  »ni 
rested  on  the  water-parting  between  the  St.  Lawrence  and 
Hiseissippi  basins,  where  these  Eskor  and  Kame  gravels  are  found. 
and  whore  the  grooved  rock-surface  attests  the  former  presence  of 
the  glacier-sheet,  ita  dissolution  was  all  subaerial ;  and  the  wskr 
resulting  fmm  it  escaped  into  the  Mitisisxippi  valley,  so  that  lbs 

that  so  soon  us  it  wasted  back  from  the  water-parting,  and  into  the 
St.  Lawrence  basin,  the  melting  of  the  ice  began  to  form  a  lake,  and 
this  washing  out  of  the  moraine  ceased.  Tlie  moraine  then  extruded, 
being  all  left  subaqueously,  retained  its  original  unwashed  form  of 
Glacial  (Erie)  clay,  similar  in  character  to  the  Upper  Glacial  clay  of 
England,  which  waa  left  beneath  the  sea  by  the  retreat  of  the  ice- 
sheet  during  the  general  submergence  of  Britain,  K  this  view  be 
sound,  the  age  of  the  Ohio  Eames  and  Eskers  which,  following  the 
sequence  assigned  to  them  by  Prof.  Newberry,  I  have  called  36, 
would  really  be  that  of  the  oldest  portion  of  the  Ohio  Glacial  seriei, 
viz.  coeval  with  the  Erie  clay  (No.  1),  of  which  they  Mrould  con- 
stitute in  the  horizontal  sequence  of  Glacial  deposits  the  earheet 
portion.' 

The  occupation  of  the  Canadian  highlands  by  an  ice-sheet  sub- 
sequently to  the  growth  of  the  forest  over  the  Erie  clay  seems  to  me 
to  conspire  with  the  evidence  aflforded  by  the  recent  chamcter  of 
the  mollusca  of  the  Leda,  Champlain,  and  other  marine  clays  of  the 
lower  basin  of  the  8t-  Lawrence,  and  Atlantic  coast,  to  show  that 

'  Prof.  XewWrry  ol«ervee  thRt  only  pntcbes  of  the  Erie  clay  occBr  on  the  irstfr- 
pnrting  which  n  the  region  of  three  ^amee,  and  in  the  detuils  of  tections  that  be 

BTCB,  theiw  Karoe  gravels  do  not  rest  on  the  Glacial  dcpoEits,  but  on  the  rock  sDrfan. 
r.  Geikie,  in  the  sucond  edition  of  bis  "  Groat  Ice  Age,"  sinuJarly  suggesta  Ihit 
the  Ohio  Kamea  were  due  to  the  action  of  water  flowing  from  the  glacier-ice  whoi 
it  reached  to  the  centre  of  Ohio,  but  he  does  not  of  conise  rect^niie  sach  a  diEtinc- 
tion  as  I  hare  endeavoured  to  draw  between  the  deposit  formed  bj  the  sabaeiiil 
extmiDUof  themoiaiiieMLdtliat£arm«dbyilanib«qaeoiue]''"  ' 
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these  marine  clays  belong  to  a  later  glaciation  than  that  to  which 
the  Erie  clay  owes  its  origin ;  because  I  cannot,  as  I  have  already 
observed,  conceive  that  with  such  vast  erosive  power  as  is  attributed 
to  glacier-ice  any  deposits  of  prior  Glacial  age  could  survive  its 
destructive  agency,  so  far  as  it  extended.  In  the  case  of  the  older 
Glacial  beds  of  East  Anglia  they  remain  undestroyed,  it  seems  to 
me,  only  so  far  as  the  subsequent  ice  giving  rise  to  the  Middle  and 
Upper  Glacial  formation  did  not  extend.  The  depth  of  the  water 
under  which  the  Lower  Glacial  of  East  Anglia  accumulated  renders 
it  difficult  to  conceive  that  this  formation  did  not  extend  north  and 
-west  of  the  limits  to  which  it  is  now  restricted ;  and  it  must  have 
extended  either  in  a  marine  or  terrestrial  form  as  far  northwards 
as  the  ice  to  which  it  owed  its  origin  wasted  back  or  deflected ;  so 
that  when  we  combine  the  absence  of  any  formation  representing  it 
in  the  North  of  England  with  the  Crag-like  character  of  the  mollusca 
of  its  basement  sands,  it  seems  but  reasonable  to  regard  this  earlier 
part  of  the  Glacial  series  as  having  been  largely  destroyed  by  the 
subsequent  advance  upon  it  of  the  ice.^  Now  there  is  an  absence 
from  the  marine  clays  of  the  Lower  St.  Lawrence  basin.,  and  of  the 
Atlantic  coast,  of  any  species  of  mollusca  but  such  as  still  occur  in 
a  living  state  either  in  the  Atlantic  or  in  the  Arctic  sea  immediately 
north  of  it,'  while  there  are  Crag  forms  in  the  English  older  Glacial 
beds,  which  are  not  known  as  living  at  all;  and  others,  whicli, 
if  living,  are  only  represented  by  species  known  as  such  in 
the  North  Pacific ;  and  two  of  these,  as,  e.g.  Nucula  CobboldicBy  and 
Tellina  obliqua,  range  in  our  Upper  Glacial  clay  up  to  what  I  regard 
as  about  the  middle  place  in  its  horizontal  accumulation,  viz. 
Dimlington  Clifif  base,  and  Bridlington.  This  leads  me  to  think 
that  the  marine  clays  of  the  Lower  St.  Lawrence  and  of  the  Atlantic 
coast  were  deposited  during  the  time  of  the  later  or  minor  ice-sheet 
which  gave  rise  to  the  beds  3a  of  Ohio.  Mr.  Geikie  also  in  his 
second  edition  refers  these  clays  to  the  later  part  of  the  Glacial 
period  as  defined  by  him,  which  corresponds  with  what  I  call  post- 
Glacial. 

Besides  the  beds  above  described,  and  those  yet  to  be  mentioned 
under  the  number  4,  there  is  the  great  Bluff  formation  or  Loess  of 
the  Mississippi  valley,  described  by  Sir  Charles  Lyell  in  the  succes- 
sive editions  of  his  well-known  works,  and  in  which  at  Natchez  he 
mentions  the  occurrence  of  a  human  pelvis. 

This  formation  Prof.  Newberry  regards  as  the  silt  brought  down 
by  the  rivers  which  form  the  Mississippi  drainage  system  when  in 
flood,  and  spread  out  over  the  great  valley  as  the  sea  by  the  eleva- 
tion of  the  continent  receded  from  it,  the  chief  contributor  being  the 
Missouri  with  its  affluents.  There  is,  he  says,  evidence  that  the 
lower  part  of  the  valley  near  New  Orleans  was  depressed  nearly 

^  The  line  up  to  whicli  this  formation,  and  also  the  Middle  Glacial  and  earliest 
part  of  the  Upper,  have  been  destroyed  by  the  subsequent  ice  is  defined  in  a  note  to 
the  sequel  of  this  paper. 

*  Tnis,  at  least,  is  my  impression,  from  the  works  to  which  I  hare  had  access.  If 
the  facts  are  otherwise,  then  my  argument  to  that  extent  fails. 
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1000  feet  below  Iho  ten-level ;  and  as  this  mtut  have  broaj^htlii* 
6ea  very  high  up  tlia  valley,  it«  recession  wns  a  long  aSur.  and  liie 
mud  of  the  Bluff  formation  coQBequentJy  i-epresente  tlie  loog  period  I 
of  this  reoessioQ  which  its  ontspreail  accompanied,  the  porlioni  il 
higher  elevations  being  the  oldest.  He  adds  that  tbis  eubmergeiM  I 
brought  the  waters  of  the  Golf  of  Mexico  up  the  valley  of  lie 
MissiBxippi  until  the  sea  covered  all  the  lower  half  of  Ohio;  iid 
tliat  it  was  during  the  maximum  of  this  submerge  noe,  and  daring 
the  aocciimulation  of  the  beds  Sa,  that  the  action  of  the  sbore-wavH  , 
formed  the  Karnes  and  Eskent  which  occur  on  the  watershed  be- 
tween the  two  btuins  ;  but,  as  I  have  before  observed,  if  the  sea  hni 
thus  overflowed  the  water-parting,  we  are  met  with  the  diffimlTj 
tliat  t)ie  waters  of  the  lake-basin  would  have  become  salt,  of  whtLi 
no  evidence  is  offered.  Neither  does  Prof.  Newberry  offer  os  mt 
Bvidcnoe  of  marine  organisms  to  prove  the  occupation  of  the  upper 
parts  of  the  Mississippi  valley  by  the  sea.  He  describes  certain 
clays  with  sands  and  gravels,  which^  occurring  in  Southern  Ohio, 
belong  to  the  deposits  of  the  Mississippi  basin ;  and  these,  he  saji, 
overlie  a  forest  growth,  which  seems  to  be  a  continuation  of  th«l 
which,  lying  within  the  St.  Lawrence  basin,  occurs  over  the  Erie 
clay,  and  appear  to  be  identical  in  age  with  the  beds  3a.  Tlw 
relation  which  those  clays,  etc,  bear  to  the  Bluff  formation  of  tb* 
Hissisaippi,  he  does  not  point  out  with  sufSaient  clearness  to  enabi* 
me  to  apprehend  precisely  his  view  about  tliem,  but  so  far  aa  I  caa 
gather  from  his  memoir  (p.  37),  he  regards  thoin  as  the  equivalent 
of  that  formation.  If,  however,  the  depression  about  New  Orleans 
was  coevEiI  with  that  to  which  the  marine  clays  of  the  Lower  St. 
Lawrence  and  of  the  Allaotic  coast  are  due,  the  Bluff  formation 
would  aciL'iu  to  havti  licg'uii  l;ofori3  this.  Loukiug  at  the  subject  iu 
the  whole  light  afforded  by  the  examination  of  the  Glooial  fealnreo  of 
the  St.  Lawrence  basin,  as  desorihed  by  Prof.  Newberry,  it  seems  to 
me  that  the  Bluff  formation  of  the  Uissisaippi  valley  must  represent 
both  the  Glacial  and  the  post-Glacial  periods,  and  have  oommenoed 
as  far  back  at  least  as  the  Erie  clay.  Indeed,  if  the  suggeetion  that 
the  Kames  and  Eskers  of  the  water-parting  between  the  two  basiiu 
in  Ohio  originated  from  the  subaerial  dissolution  of  the  ice  of  the 
first  sheet,  when  it  rested  there  before  shrinking  back  into  the  St. 
Lawrence  basin,  and  forming  a  lake,  be  sound,  the  finer  mud  carried 
off  by  the  water  in  forming  suoh  Eskers  and  Eames  muat  have 
found  its  way  into  the  Mississippi  valley,  and  contributed  to  the 
material  of  the  earlier  part  of  the  Bluff  formation,  whatever  sub- 
mergence the  Mississippi  valley  underwent  having  been  confined 
to  its  lower  or  Gulf  extremity.' 

<  In  reference  to  tbis  Bn|^eetioii  it  would  be  inlcrating  to  learn  to  what  eiMI 
rock-frsgmenta  have  b«en  found  in  the  Missiuippi  Tiilley  which  can  be  identiltd 
vith  racks  in  lili  ia  the  St.  Lawrence  area.  Pruf.  ^ewberTV  epealu  of  luge 
qnnntitiee  of  gravel  nud  boulders  hnviDg  b«en  earried  through'  the  waste  wein. 
penetrating  the  water-parting,  and  deposited  in  lines  leading  toward*  (be  lallej  ol 
the  Uhia,  m  that  I  infer  euch  rock-fragmeats  of  lake-basin  origin  do  abound  withiB 
the  limit*  of  the  Miwistippi  talis;,  and  up  to  the  line  of  Northern  drift  limit  ihonn 
in  tliemap. 
^  (I\)  U  tmilinM^  in  ow  wxt  H<iMti«r.\ 
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IT. — CONOLOMSRATB   AT  THE  BaSE  OF  THE   LOWEB   EeUPEB. 

By  J.  Shifman,  Esq. 

EEGENT  excavations  for  buildings  on  the  east  side  of  Notting- 
ham have  afforded  opportunities  for  observing  the  true  character 
and  development  of  the  conglomerate  at  the  base  of  the  Lower 
Seuper,  which  did  not  exist  when  this  district  was  visited  by  the 
Government  Qeological  Survey.  The  fact  that  no  fair  equivalent  of 
the  Muschelkalk  of  Germany  has  been  met  with  in  England  lends 
an  interest  to  the  beds  at  the  junction  of  the  Lower  Eeuper  and  the 
Upper  Bunter  which  they  would  probably  not  otherwise  possess. 
Thus  the  Qeological  Survey  paid  special  attention  to  the  scanty 
exposures  of  this  junction  that  happened  to  exist  twenty  years  ago 
iu  this  part  The  best  section  to  be  seen  at  that  time,  near  Notting- 
ham, was  in  a  lane  leading  from  the  Mansfield  turnpike  road,  a  mile 
north  of  the  town,  to  the  Mapperley  Hills,  and  is  thus  described  by 
Mr.  Aveline  in  his  memoir  on  the  Nottingham  district  (Sheet  71, 
N.E.)  : — *'  Near  the  bottom  of  the  lane  there  are  beds  of  coarse 
sandstone  [Upper  Bunter]  slightly  consolidated,  with  pebbles  of 
various  coloured  quartz,  quartz-rock,  and  other  sandstones.  There 
is  no  good  bedding  visible  in  this  conglomerate,  and  lying  on  it 
there  are  thin  and  regularly-bedded  fine  sandstones  of  a  red  colour. 
This  is  the  bottom  of  the  Lower  Eeuper  beds,  and  the  line  between 
the  two  formations  is  well  marked,  there  being  an  apparent  uncon- 
formity. There  is  about  twelve  feet  of  this  red  sandstone,  and  above 
it  three  to  four  feet  of  soft  red  loam,  then  a  thin  bed  of  coarse  light 
sandstone,  above  this  a  bed  of  sand  and  marl,  with  some  small 
pebbles  of  quartz,  then  alternations  of  dark  and  light-brown  soft 
sandstone  of  various  thickness,  and  red  marly  shale,  which  pass  up 
into  the  Upper  Eeuper  red  marly  shale  with  thin  beds  of  white 
sandstone."  Between  the  Bunter  conglomerate  beds  and  the  *'  thin 
and  regularly-bedded  fine  sandstones  "  there  comes  a  thin  bed  of 
conglomerate  encrusting  the  slightly  eroded  surface  of  the  former, 
which  Mr.  Aveline  does  not  appear  to  have  noticed,  or,  if  he  did, 
probably  took  it  to  form  part  of  the  Bunter.  The  only  conglomerate 
Mr.  Aveline  appears  to  have  seen  was  some  sixteen  or  seven- 
teen feet  above  the  base  of  the  Eeuper.  This  conglomerate,  how- 
ever, although  traceable  all  over  the  Eeuper  area  east  of  Nottingham, 
consists  of  merely  a  few  quartz- pebbles  imbedded  in  yellow  or 
greenish-white  sandstone,  never  more  than  eight  inches  thick,  and, 
unlike  the  conglomerate  at  the  base,  is  not  calcareous.  It  was  not 
until  two  or  three  years  ago  that,  discovering  the  calcareous  nature 
of  what  had  been  always  regarded  as  the  top  of  the  Bunter,  I  was 
led  to  examine  the  junction  at  other  spots.  Since  then  the  further 
opening  up  of  the  ground  along  the  line  where  the  Eeuper  begins 
to  overlap  the  Bunter  has  enabled  me  to  collect  tolerably  complete 
data  as  to  the  development  of  the  conglomerate  in  this  neighbourhood. 
It  may  be  here  mentioned  that  chemical  analysis  has  shown  that  the 
matrix  contains  a  very  large  proportion  of  magnesia  as  well  as  lime. 
Generally  the  conglomerate  is  found  to  occupy  the  slightly  angular, 
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or  rounded,  shalloir  cavities  of  aa  eroded  surfaoa  of  Banter,  andu 
the  Eeuper  reposes  somewhat  obliquely  on  tfae  Bunter,  there  'uvi 
unmistakahle  uoconformity.  The  congloinerate  is  tliickeet  at  iu 
outcrop,  and  as  it  passes  beneath  the  Eeuper  seems  to  lose  somt 
of  its  compactness,  and,  in  one  spot  I  have  Been,  is  represented  I7 

{lebbles  stuck  in  a  deep-red  marly  sand.  Its  usual  developmenli 
lowever,  is  in  the  form  of  a  ferru^nous  compact  crystalline  bul 
thickly  studded  with  pebbles,  and  ro  hard  that  it  is  dreaded  ens 
by  navvies  ;  it  varies  in  thickness  between  six  inches  and  two  fwt 
and  is  Bometimes  swollen  by  lenticular  beds  of  ooarEe  bleached 
sandstone  as  much  as  tliree  feet  thick.     The  most  interesting  u- 

SDBure  of  it  about  Nottingham  existed,  until  lately,  on  the  Hnngn 
[ill  Boad.  and  its  character  at  this  spot  may  ho  taken  as  foirlj 
typical  of  its  fullest  development  The  conglomerate  itself  consided 
of  pebbles,  chiefly  of  quartz  and  quartz-rook,  with  fragments  of 
trap,  volcanic  ash.  claystone,  greenstone,  slate,  chert,  bits  of  yel- 
lowish limestone,  permian  magnesian  limestone,  and  other  rtickt, 
with  a  good  deal  of  calcareous  matter  coating  some  of  the  pebbltt, 
in  a  groimd-up  form,  and  in  minute  crystals.  Among  the  pebbles  I  ' 
found  wliat  seems  to  have  once  formed  the  extremity  of  a  sea-won) 
pinnacle  (for  it  was  ribbed  or  fluted  horizontally)  of  fine-grained 
greenish  Cambrian  (?)  sandstone.  Besting  on  the  conglomerate  wai 
a  thin  bed  of  grit  cemented  into  cakes  by  calcareous  matter,  thee 
about  two  feet  of  bluish-grey  soft  bleached  sand,  irregularly  bedded, 
biit-  having  a  general  slope  at  about  5",  and  passing  under  tke 
Kcuper.  False-bodding  was  shown  here  and  there,  with  piirtings 
of  strings  of  pebbles.  In  nothing  but  tlio  absence  of  sea-sliells  iliJ 
these  ImkIs  differ  from  recent  raised  beaches  mot  with  on  saiiiij 
coasts  at  the  present  lUy.  The  pebbles  are  all  similar  to  tboss 
found  in  tho  Upper  Buiiter,  while  the  sandstone  is  evidently  re- 
deposited  liiintev ;  so  tliis  conglomerate  luiiy  possibly  throw  some 
light  on  what  happened  in  England  during  the  interval  between  tlit 


T  Kcuwr,  w[tli  the  Con"lonnTiit-P,  restins  o"  Bunler — Turner 

Ncttin-bam. 

(Rtiluced  frdm  a  pt'U  unci  iuk  sketch  hy  the  iiulhor.) 


Bnnter  anil  the  Eeuper  subdivisions.      The  manner  in  which  this 
conglomerate  rests  on  the  Bunter  is  well  shown  in  tho  above  sketch 
taken  from  a  section  in  Turner  Street,  Xoltiiighani. 
^  The  conglomerate  is  surmounted  by  thin  and  thick  bedded  red 
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sandstone  with  marl  partings.  I  have  not  attempted  to  trace  this 
conglomerate  farther  north  than  Bed  Hill,  four  miles  and  a  half  from 
Nottingham.  It  is  there  seen,  however,  in  a  rather  different  form 
to  what  I  have  described  itr  at  Nottingham.  Mr.  Aveline  thus  re- 
fers to  it : — *'  On  the  east  of  the  road  south  of  Bed  Hill  may  be 
seen  some  thick  beds  of  very  coarse  half-consolidated  sandstone 
of  a  yellow  and  reddish-brown  colour,  containing  pebbles  of  quartz, 
and  on  these  lie  beds  of  red  sandy  marl  with  bands  of  fine-grained 
yellow  sandstone ;  the  lower  coarse  beds  are  the  top  of  the  Pebble 
Beds,  the  others  the  bottom  of  the  Lower  Keuper  Sandstone.  A 
few  small  pebbles  occur  near  the  bottom  of  the  latter,  but  there 
is  a  very  apparent  difference  between  the  two  series  of  beds." 
When  I  first  visited  this  spot,  following  Aveline,  I,  too,  regarded 
the  "thick  beds"  (about  four  feet  thick)  as  Bunter;  but  on  a 
second  visit,  after  a  long  and  careful  study  of  the  Keuper  con- 
j^lomerate  at  Nottingham,  my  suspicions  were  aroused  by  the 
striking  resemblance  between  the  thick  beds  studded  with  quartz- 
pebbles  and  precisely  the  same  deep-red  half-consolidated  sandstone 
associated  with  the  Keuper  conglomerate,  and  a  removal  of  the 
vegetation  shrouding  the  lower  part  of  the  section  revealed  a 
compact  ferruginous  conglomerate,  eight  inches  thick,  hdovo  the 
massive  bed  of  sandstone,  and  separated  from  the  Bunter — a  coarse 
yellow  sandstone  containing  scarcely  any  pebbles — by  about  twelve 
inches  of  soft  red  marl.  Of  course  this  coarse  red  sandstone  con- 
taining the  quartz-pebbles  was  mapped  as  Bunter. 


III. — On   Certain  Eock-Struotubks,  as  Illustrated  by  Pitch- 
stones  AND  FelSITES  in  AkRAN. 

By  the  Rer.  T.  G.  Bonnet,  M.A.,  F.G.S. ; 
Fellow  and  late  Tutor  of  St.  John's  College,  Cambridge. 

IN  a  paper  read  on  February  23rd,  1876,  before  the  Geological 
Society  of  London,*  I  endeavoured  to  prove  that  the  peculiar 
laminated  or  fissile  structure,  common  in  certain  igneous  rocks,  was 
due  to  contraction,  like  the  associated  ordinary  joint-structures.  In 
the  discussion  which  followed,  an  objection  was  made  to  my  having 
q acted  certain  phonolites  from  Auvergne,  in  support  of  my  theory, 
beoaose  it  was  well  known  that  the  fissile  structure  in  the  typical 
pbonolites  of  Hungary  was  due  to  change  in  mineral  composition, 
and  80  the  result  of  a  banded  structure  in  the  rock.  That  this  was 
not  the  case  with  those  Auvergne  phonolites,  I  had  already  convinced 
myself  by  examination,  both  in  the  field  and  with  the  microscope. 
and  I  had  nowhere  asserted  that  the  only  way  in  which  rocks  could 
become  fissile  was  by  the  particular  cause  which  I  had  advanced ; 
for,  although  I  only  knew  the  Hungary  rocks  from  hand- 
specimens,  I  was  aware  of  a  somewhat  similar  structure  in  certain 
British  rocks.  I  thought  I  remembered  also  one  or  two  cases  in 
these  where  the  fissile  and  the  banded  structure  were  co-existent  and 
independent,  but  as  the  criticism  came  from  a  quarter  not  to  be 
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neglected,  I  determined  to  re-examine  these  oases.  Tliis  I  baredooR 
ijn  occasion  of  sliort  viaita  to  Arnin  in  the  past  and  present  jmt. 
Juring  whicli  I  have  obtained  mnteTials  which  will,  I  think,  farther 
illiiHtnitB  this,  and  throw  some  light  on  other  rock  structures.  The 
pfiinls,  then,  upon  which  I  shall  touch  in  the  present  paper  are  the 
relaiion  (I.)  of  fissile  and  banded  structures;  (11.)  of  UndeJ. 
sphLTulitic,  and  perlitic  structures. 

J.~The  Ilelation  of  FlBsile  and  Banded  Strutlures. 
T  may  commence  by  an  additional  instance  of  platy  and  Joint 
structures.  The  j^reat  quartz-felHito '  dyke  on  the  Corriegills  shore 
tiouth  of  lirodick  affords  an  excellent  example.  The  outcrop  of  the 
dyke  on  tlie  shore  is  about  twenty  yards  wide,  which  probably  cor- 
responds to  a  vertieid  thickness  of  nearly  ten  yards ;  the  l»ase  of  the 
felsite  for  abiint  eij^ht  feet  is  traversed  by  a  series  of  platy  joints, 
parallel  to  its  Hurfaoe,  so  that  the  rouk  splits  up  into  tile-like  pieces; 
nliove  this  a  rude  vertical  prismatic  jointing  predominates.  The 
upper  ]iart  again  ia  platy  for  about  six  feet,  and  just  at  the  janotioa 
the  jiiinlicig  is  very  irregular,  the  platy  stnictnre  seeming  at  one 
place  to  clijinge  for  a  short  distance  into  a  direction  at  right  angles 
to  the  ii.sim!  one.  This  is  caused  by  the  sudden  predominance  of  a 
pot  of  vertical  joints.  On  following  up  the  central  part  of  tlie  dyke', 
tlie  joiiils  curvQ  cflnsidernbly,  as  though  they  formed  parts  of  tLe 
faces  of  large  irregular  sphoroiUs.  A  basalt  dyke  breaks  throagh 
between  tlie  base  of  ihe  alrove  felsite  and  the  sandstone.  It  is,  how- 
dent  that  tlie  platy  htriicture  is  not  a  true  clesivage,  due 
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FitchttoMi,  Tormore  lAore. — The  southernmost  of  these  dykes 
exhibits  banded,  lamiaated  and  radely  oolumnar  strnotiire.  The 
first  in  generally  parallel  to  the  upper  and  lower  aurfaoe;  ao  also  is 
the  aeoond,  but  not  invariably,  as  the  two  structureH  do  not  always 
correspond  in  direotioa,  and  occasionally  out  at  an  angle  of 
neatly  80°. 


Fio.  I. — Diagram  of  inteneotioii  of  streaky  and  laminated  atmctme,  from  Loirer 
Pitchstone,  Dunfion. 

A.    LamiDated  stmctoie,  lather  carved.        B.    Stnaky  atrnctnre. 

A  dyke  of  brown  pitchstone  to  the  north  of  the  last,  about  four 
feet  wide,  shows  banded  structure  very  clearly  on  the  southern  side, 
-where  there  is  an  intruded  basalt  dyke.  This  strootuie  is  barely,  if 
at  all  visible  on  the  northern. 

The  above  oases  seem  to  show  that,  though  the  fissile  and 
banded  structures  are  often  coincident  by  reason  of  a  common  re- 
lation (which  will  be  presently  discussed)  to  the  surface  of  the  mass, 
yet  they  ore  of  independent  origin  ;  and  that  the  former  is  really 
only  one  special  case  of  a  series  of  phenomena  due  to  contraction 
of  the  rock  in  cooling.  Many  other  instances  ahowiug  Hie  relation 
of  fissile  structure  to  tabular  and  oolnmnar  jointing,  and  that 
between  these  and  spheroidal  structure,  might  readily  be  adduced 
from  the  varioDS  Arran  rocks  ;  but  it  is  perhaps  needless  to  multiply 
them.  One  curious  case,  however,  )n  a  pitchstone  from  Moneadh- 
mhor  Glen,  may  bo  worth  a  brief  description,  as  well  as  a  remarkable 
change  in  structure  in  the  Birk  Glen  Pitchstone.  The  first  of  these 
pitehstones  (exposed  in  two  places  in  the  stream,  both  apparently 
)>arts  of  one  irregular  bossy  intrusion),  is  very  closely  and  irregu- 
larly jointed,  generally  platy  towards  the  exterior  and  pastiing  into 
a  columnar  structure  in  the  interior.  A  hand-specimen  from  the 
latter  part  illustrates  the  connexion  between  jointed  and  spheroidal 
structures.  It  exhibits  three  or  four  fairly  well  defined  columns, 
while  in  other  parts  the  joints  have  no  definite  direction.  The 
largest  column,  about  |  inch  in  diameter,  exhibita  an  external  platy 
structure  \  witliin  this  is  seen  at  one  end  a  very  shallow  cup, 
elliptical  in  outline.  The  other  end  shows  an  irregular  dome-like 
ball.  On  following  the  surface  of  this  downwards,  it  is  seen, 
where  becoming  lost  to  view,  to  be  again  curving  inwards,  bo  that 
it  resembles  a  rather  distorted  egg,  partly  sunk  in  the  column. 
Somewhat  similar  stnioturee  are  exhibited  by  the  ends  of  the  other 
columns.      I  conceive  that  this  apeoimeu  supports  my  view  iC 
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ill  show  that  though  this  may  often  be  the  case,  the  meohanioal 
rces   produced  by  contraction  have  also  sometimes  an  influence 
ion  it,  and  may  even  determine  whether  or  not  this  structure  shall 
set  up. 

The  first  case  which  I  shall  quote  is  not  from  Arran,  but  is  ex- 
bited  in  a  slide  of  liparite  from  the  Lipari  Islands.  It  is  a  por- 
lyritic  rock  containing  many  crystals  of  felspar,  with  a  little  quartz, 
Dtite,  and  iron-peroxide.  An  ordinary  lens  shows  the  dull  white 
ound-mass  to  be  traversed  by  a  series  of  more  transparent  lines 
viding  it  up  into  polygons,  so  that  it  looks  like  a  miniature  represen- 
;ion  of  a  columnar-jointed  surface.  Inside  the  polygons,  the  rock 
hibits  a  faint  radial  structure.  Under  the  microscope  these  cracks 
pear  to  have  been  true  minute  divisional  surfaces,  though  they  now 
3ra  to  be  closed  by  a  generally  paler  mineral  deposit,  which  is 
rk  between  crossed  prisms.  Sometimes  also  we  see  a  thin  dark 
le,  bordered  on  each  side  by  a  clear  space.  The  interior  of  the 
lygons  commonly  exhibits  very  clearly  the  usual  fibrous  radial 
•ucture ;  ^  but  in  some  of  the  smaller  it  is  very  ill-defined.  In 
me  cases  we  note  a  kind  of  circle  inscribed  in  the  polygon,  within 
lich  the  radial  structure  is  more  marked ;  generally  there  is  no 
cleus  visible  in  the  spheroids,  though  now  and  then  they  seem 
become  rather  more  crystalline  on  approaching  the  centre ;  nor  do 
3y  appear  to  have  any  very  immediate  relations  with  the  larger 
ibedded  crystals  (compare  Fig.  3). 

Passing  next  to  a  perlitic  pitchstone  from  Meissen,  we  observe 
it  it  exhibits  a  flow-like  structure,  indicated  by  wavy  bands  (in 
tline  like  some  cirrus  clouds),  produced  by  innumerable  very 
nute  opaque  microliths.  Through  these  the  perlitic  structure 
ts  with  perfect  independence.  There  are  no  spherulites  to  be  seen 
the  slide.  A  perlite,  also,  from  Glashiitte  (Schemnitz),  shows  very 
Hi  this  wavy  flow-structure ;  but  here  the  bands  are  so  conspicuous 
d  clearly  marked  that  the  rock  looks  like  a  miniature  model  of  a 
atorted  gneiss.  A  few  spherulites  occur  in  this,  which  in  most 
ses,  though  not  in  all,  seem  connected  with  the  larger  crystals 
3urring  in  the  matrix. 

The  great  pitchstone  vein  on  the  Corriegills  shore  exhibits,  as  has 
en  said,  faint  indications  of  a  banded  structure.  Under  the  micro- 
)pe  it  appears  full  of  a  microlithio  dust  with  larger  belonites 
igly  or  in  groups,  surrounded  by  slightly  clearer  spaces ;  a  good 
kny  of  these  belonites  are  roughly  parallel.  The  smaller  vein  has  also 
lications  of  banding,  though  slighter,  with  a  similar  microscopic 
'ucture ;  but  the  clearer  spaces  are  larger,  and  themselves  indicate 
dnd.  of  banding.  There  are  one  or  two  spherulites  surrounded  by  a 
)arer  ring.  More  distinct  bands  are  seen  in  the  lower  pitchstone  vein 
Dundhu,  and  some  of  the  dykes  of  the  Tormore  shore,  the  micro- 
>pic  structure  of  which  is  excellently  depicted  by  Mr.  S.  Allport,' 
lo  says  (p.  6),  "The  rock  is  simply  a  continuous  homogeneous 
iss,  in  which  the  de vitrified  or  crystallized  particles  have  arranged 

*  See  Mr.  S.  Allport,  Geol.  Mao.  Dec.  I.  Vol.  IX.  p.  641. 
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themBelves  in  alternate  layers  cbarncterized  hy  difTerencos  in  ttitm 
only."  Tlie  Bonthum  dyke  at  Tormoro  sceiua  to  indicate  Chat  tit 
banding  is  here  caused  by  the  more  ooToplete  cryeUllization  of  tk 
angitia  ooustitueot,  the  fine  duet  having  almost  disappeared  fron  lb 
ghtas  with  u  marked  incresBe  in  the  number  of  beloiiites ;  there  m 
also  several  spherules.  Tha  pitchstone  by  the  path  in  Birk  Glen 
shows  some  fnirly  regular  isolated  bands  of  yellowish  glass,  togeduf 
with  several  mure  irregulur  patches.  In  no  cose,  however,  hare  ^ 
ends  of  these  a  torn  or  "  teazed  "  look,  as  if  they  had  been  subjecud 
to  strain  ;  some  indeed  are  quite  round.  Be1onit«B  occur  in  both  the 
clear  and  the  yellow  glass,  sometimes  singly,  btit  ooniDionly  with 
the  usual  alga-like  a^regates.  They  pass  from  the  clear  to  tb» 
yellow  glass,  somelimes,  however,  being  a  little  crowded  on  th» 
surface  of  the  latter,  as  though  they  stui;k  in  a  denser  fiutd.  lo  it 
also  the  lateral  microlitbs  are  less  ofearly  defined,  as  though  the  »iit 
branches  had  fallen  from  the  main  stem  of  the  plant,  and  hod  been 
replaced  by  a  lioben  growth.  With  polarized  light  these  hsndt 
show  an  imperfect  sjiherulitio  struclure,  as  do  some  of  the  rounded 
spots.  In  the  former,  however,  there  is  no  indication  of  any  dis- 
turbance of  the  spherulitic  structure,  that  is,  it  does  not  apiieor  as  if 
one  or  more  spherules  had  been  elongated  into  a  band,  but  as  if  a 
line  of  imporlect  sphemles  had  formed  out  of  a  hand. 

The  first  pitchstone  on  the  shore  south  of  King's  Cove  gi*M 
indiwilions  of  a  rough  perlitic  structure.  Under  tha  uiicrosoopo  this 
appears  more  as  a  polygonal  network  of  exceedingly  tninate  cracks 
than  as  the  ordinary  perlitio  structure.  There  are  irregular  bamis 
and  cloudy  spots  of  yellow  glass ;  the  latter  frequently  showing 
rings  of  darker  glass,  which,  on  examination,  prove  to  be  roughly 
oonoentrio  with  the  above  reticulations.  With  crossed  prisms  these 
rings  prove  to  be  the  hoimdaries  of  more  or  less  perfect  spherules. 
This  rock  does  not  show  the  alga-like  tufts,  but  baa  numerons 
scattered  belonites  about  -001  inch  long.  These  often  pass  indifi'er- 
ently  into  the  spherulites,  but  are  sometimes  arranged.  radiaUly. 
There  are  a  good  many  larger  crystals  scattei'ed  about,  chiefiy  of 
sanidine ;  some  of  which  (but  not  all)  shuw  a  growth  of  belonites 
perpendicular  to  their  surface,  and  a  radial  structure  of  tbe  sur- 
rounding mass.  A  pitchstone,  from  an  erratic,'  on  the  Old  Lamlosh 
Bead,  also  shows  a-similar  spherulitic  growth  on  some  of  the  larger 
crystals  contained,  but  here  also  this  structure  is  visible  in  many 
isolated  patches  of  brown  glass. 

The  larger  crystals  occurring  in  the  pitchstones  sometimes,  as 
described  by  Mr.  AUport,  include  portions  of  the  glassy  matrix,  but 
rarely,  if  ever,  well-defined  belonites.  Sometimes  they  have  evidently 
been  broken,  and  the  fragments  lie  close  ti>gether.  They  appeartben 
to  be  the  first  things  formed  in  the  rock,  and  perhaps  may  some- 
times be  very  much  anterior  to  the  solidification  of  the  ground-mass.' 

'  I  am  nnt  BTiirc  that  the  locnlitv  whEre  this  occiirn  in  ntu  is  known.  It  i>  Ui« 
same  rock  a?  ia  desfrihed  hT  Mr.  Allport  from  a  boulder  oocnrring  near  W.  BeniB 
(Gioi..  M*(..  Dec.  I.  Vol.  IX.  p.  637). 

'  I  haie  obserred  in  nwn^ntus  uuUuicei  in  trMhylM,  felJuteB,  etc,  that  the  foniu- 
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KeviewiDg  then  the  above  foots,  we  ieem  justified  in  aeaerting 
that  in  some  of  tlie  pitohstones  there  is  the  following  auoceBsioa  of 
ItheaomsDo — 1.  The  formation  of  the  larger  porphyritic  orystAls; 
2.  The  differentiatioQ  of  the  matrix,  whiuh  produoas  the  streaky  or 
banded  Btnicture;  3.  The  formation  of  the  iMlonitea;  4.  The  aggre- 
gation of  them  into  the  ulga-like  clusters;  5.  The  formation  of 
spherules.  Of  these,  1  and  2  as  a  rule  take  place  before  the  motion 
of  the  rock  as  a  mass  is  quite  arrested,  though  probably  it  has  at- 
tained a  pasty  oooditioa,  and— at  least  in  2 — the  position  of  its  mole- 
cules in  space  is  not  greatly  altered  subsequently.  With  regard  to 
3  and  1,  the  evidenoe  is  more  conflicting ;  the  belonites  sometimes 
giving  evidence  of  subsequent  pressure  or  strain,  sometimes  of 
having  formed  in  a  maas  in  equilibrium ;  5  has  occurred — and  in  con- 
nexion with  it  the  perlitic  structure — when  all  motion  except  mole- 
oular  has  become  impossible. 

Passiug  now  to  the  fulaites,  we  find  an  interesting  case  on  tlie 
shore  north  of  Drnmadoon ;  there  a  dyke  of  compact  felaite  is 
divided  from  another  mass  of  porphyritio  felsite  by  a  branching 
dyke  of  basalt  (see  Fig.  2).     The  former  feiaite  is  very  flaggy,  with 


some  slight  appearance  of  a  generally  minute  apherulitic  stmcturc, 
bat  the  character  of  the  nick  changes  for  the  last  half-yard  or  so 
adjacent  to  the  basalt ;  here  the  fla^y  structure  is  lost,  the  rock 
b^nming  massive,  of  porcellanous  aspect,  with  well-defined  sphtsru- 
litic  structure.  On  examining  a  surface  of  this  carefully,  we  sea  a 
polygonal  network,  indicated  often  by  darker  lines,  and  within  each 
reticulation  one  or  more  well-defined  spherulea,  Uudor  the  micro- 
scope (Fig.  3)  we  see  the  network  indicated  clearly  by  darkish 
lines;  Bometimes  faint,  but  oftener  well-defined,  like  a  string  uA'er- 
grown  with  dusty  mould.  The  inner  circles  are  marked  with  fainter 
lines  of  the  same.     On  crossing  the  prisma,  we  see  the  atructure 

tioD  of  the  larger  CTTBtalB  of  felgpu  and  Hime  otber  miiierali  uemi  SDterior  to  the 
taCtinfF  Dp  of  microlitbic  structure.  Can  it  tw  th&t  in  maDf  cuea  tbeu  bsTe  been 
formed  in  •ome  ^ riur  coolipg  of  the  rock,  *,dA  that  ths  last  «le»tioD  of  temperature 
pretioiu  to  the  ejection  of  the  rock  onlf  fuwd  the  ground-man  f  Except  on  lume  anch 
theory  it  i«  Ter^lurd  to  explain  ench  caiei  oi  are  found  in  some  of  the  cotner  lencil« 
Uvai  oi  TeenTiBi. 
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teiwribed  by  Mr.  S,  Allport,'  namely,  ft  fnUitio  structure  ootmAt  ttc 
nrcle,  and  n  fiiirons  radiftl  structure  inside,  the  division  butna 
hem  not  bf^ing  quite  so  sLarp  or  regular  as  it  appexred  befon.  Bt 
learohing  about  the  slide  we  can  find  alniust  every  stngti,  rnnnlbi 
jetting  u|J  of  the  fibrous  rudial  etnicture  at  a  point  in  Uje  niolrii.» 
I  ephenilo  with  a  well-defined  circular  boundary.  There  is  m 
jvidenoo  tbtit  a  ducIoiib  of  a  differeitt  mineral  cliaracter  is  m^iti 
S)r  the  formation  of  a  Ephenile. 


— Spherulitic  Felaite.    Diagrammatic  eketch  from  mioroscope.     The  mfcl 


polygous  ore  detlned  bv  opU(jne  clotted  (femiginoue  t)  duet. 

The  next  rock  to  be  examined  ia  the  Bphemlitio  feleite  on  the 
Corriegills  shore.  It  has  been  noticed  by  Macculloch  and  others.  Bud 
its  microscopic  structure  Las  l>een  excellently  described  by  Mr.  S. 
Allport ;  hut  still  its  relations  to  the  neigh l)ounng^  rocks  do  not 
seem  to  have  been  fully  worked  out,  so  that  1  must  describe  it  at 
Bome  length,  as  these  seem  to  throw  much  light  on  the  formatioii  of 
some  of  the  above  structures.  A  compact  felsit«  dyke  about  12 
yards  across  is  exposed  on  the  sliore,  and  can  afterwards  be  traoed 
running  up  the  inland  cliff.  Here  a  pitchstone  vein,  rather  more 
than  a  yanl  thick,  separates  it  from  the  sandstone  beneath.  At  the 
base  of  the  cliff  both  are  lost  for  a  time  under  vegetation  ;  but  when 
this  Cfasee,  we  find  the  pitchstone  still  beneath  tlte  felsite.  The 
latter  shows  a  rather  platy  structure  for  about  three  or  four  feet,  top 
and  bottom,  most  distinct  at  the  latter,  being  irregularly  jointed  else- 
where. Geuerally  the  felsite  is  rouch  decomposed,  of  a  pale  cream 
colour,  with  ferruginous  brown  stainings,  in  appearance  rather  like 
a  soft  fine  snndstene.  The  base,  however,  above  the  pitchstone,  as 
will  presently  be  described,  is  much  indurated.  The  pitchslone  now 
thins  away,  and  some  irregular  outcrops  of  a  greenish  spheruUtic 
feleite  make  their  appearance.  These  occur  chiefly  in  two  little 
bays  in  the  sandstone  about  four  yards  apart.     The  one  further  from 
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:«'  Ae  sea  shows  (I.)  the  laminated  base  of  the  felstone ;  (11.)  the  same 
is  of  a  vitrified  aspect,  and  streaky,  rather  spherulitic  structure;  (III-) 
,j  pitohstone;  (IV.)  spherulitic  felsite  (Fig.  4).  The  last  has  fewer 
2  spherules  at  top  and  bottom.  No  one  of  these  three  rocks  is  in 
i  absolute  contact,  each  being  separated  by  a  foot  or  two  of  debris, 
j  It  is  not  quite  certain  either  whether  this  particular  piece  of  pitch- 

-  8.  N. 


Fig.  4.— Section  showing  relation  of  Felsite  and  Pitchstone  on  Corriegills  shore. 

A.  Flaggy  Felsite.  A'.  Vitrified  base  of  Felsite. 

B.  Pitchstone.  C.   Spherulitic  Felsite. 
D.  Sandstone.  X.  D^bns. 

stone  is  really  in  situ,  as  it  is  separated  from  the  rest  of  the  vein,  but, 
BO  far  as  I  could  make  out,  by  clearing  away  the  rubbish,  it  seemed 
to  be.  In  the  southern  bay  there  is  only  the  spherulitic  felsite  imder- 
lying  the  indurated  base  of  the  felsite.  The  question  then  which  first 
suggests  itself  is  the  following.  Is  the  spherulitic  felsite  a  special 
condition  of  the  ordinary  felsite  or  of  the  pitchstone,  or  a  third  and 
distinct  intrusive  rock  ?  The  evidence  is  as  follows :  A  passage 
between  the  pitchstone  and  the  spherulitic  felsite  is  nowhere  seen, 
though  the  former  seems  to  have  rather  more  spherules  towards  its 
base,  and  the  latter  rather  fewer  spherules  top  and  bottom ;  the  decom- 
posed state  of  the  two  rocks  being  very  similar,  each  forming  a 
brittle  grey  putty-like  clay.  ITie  spherulitic  felsite,  however,  cannot  be 
quite  identical  with  the  pitchstone,  because  it  has  a  different  be- 
haviour, showing  a  peculiar  ropy  structure,  like  some  lavas,  on  its 
outer  surface,  and  adhering  to  the  sandstone,  where  it  is  last  seen,  in 
a  thin  skin,  with  an  appearance  of  viscid  flowing,  difficult  to  describe, 
but  very  remarkable.  Near  here  we  find  it  apparently  attached  to 
the  partly  vitrified  base  of  the  ordinary  felsite.  This  at  first  sight 
looked  like  a  junction  of  two  distinct  rocks;  undoubted  ordinary 
felsite  (though  indurated  and  altered)  being  within  an  inch  of  fairly 
characteristic  spherulitic  felsite :  but  careful  study  of  the  specimen 
and  microscopic  examination  fail  to  detect  a  perfectly  clear  line  of 
demarcation.  Further,  on  the  south  side  of  the  felsite  dyke,  are  two 
or  three  small  irregular  intrusive-looking  masses  of  rock,  which,  on 
close  examination,  seems  to  be  the  spherulitic  felsite  in  a  highly  de- 
composed condition ;  the  matrix  of  part  being  stained  a  light  dull 
red  ;  part  being  quite  sandy  and  cream-coloured,  like  the  other 
felsite.  Still,  in  its  mode  of  occurrence,  it  resembles  the  spherulitic 
felsite  on  the  opposite  side,  and  the  spherules  in  places  yet  remain 
fairly  distinct. 

On  examining  the  base  of  the  felsite  in  the  cliff  over  the  pitchstone, 
I  found  it  exhibited  a  vitrified  appearance  and  banded  structure, 
with  numerous  not  very  clearly  defined  small  spherules,  and  a 
peculiar  structure  on  the  surface  of  the  base,  Q&  if  it  were  studded 
with  half  spherules  arranged   in  lines  or  sometimes  a^tglatuvol^^L 
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Into  mounds.     I  liave  b  slab  from  the  very  base,  about  1^  uich 
whiuh  shows  this  etruutura  on  both  surfnoex ;  the  lower  lining  tt« 
cuaraer ;  the  upper  in  tt«  fino  parallel  arraDgement  aloioat  resemUiu^ 
a  piece  of  wood  beueath  the  bark. 

The  miuroscopio  structure  has  been  so  minutely  dcscribei!  hj  Mi. 
Allport  that  I  cannot  do  better  than  quote  his  wor.ls.'  '•  In  a  veir 
thin  section,  in  ordinary  light,  the  spheres  exhibit  n  well-definti 
circle,  bounded  by  a  line  of  minute  grains  of  iron  oxide,  hot  the 
fibrous  structure  is  not  so  distinct ;  in  fact,  it  then  apjieara  to  lie 
simply  a  radial  arrangement  of  the  particles  of  a  fine  duet  ecatien<l 
through  a  dull  uniform  base ;  dark  greenish  aggregations  of  Ita 
Biiljstance  BomeHmes  form  an  irregular  nucleus,  thruwiug  off  rsjJ 
towards  the  circumference ;  frequently,  however,  llie  centre  is  fi« 
from  tliem,  and  there  is  then  no  appearance  of  any  sort  of  structuiv. 
These  green  patches  also  occur  in  the  matrix,  and  both  spheres  suil 
matrix  appear  to  be  ooinposetl  of  precisely  the  same  substiuice- 
Pi  need  between  crossed  nicols  the  appearance  is  completely  chan^^ 
and  it  is  at  once  seen  that  the  matrix  has  a  felsitio  structure,'  aiiJ 
that  some  of  the  spheres  are  also  composed  of  portions  of  tJte  ^ame 
substance,  whieh  ha^'e,  however,  undergone  a  process  of  ag^egaiion 
and  radial  arrangement  in  globular  masses;  but  the  felsitic  structure 
is  still  quite  ae  evident  as  in  the  base.  Many  of  the  spheres  are, 
however,  composed  of  two  or  more  concentric  layers ;  iu  some  there 
is  a  felsitic  nucleus  surrounded  by  radiating  groups  of  grc«n  dust; 
in  others  the  nucleus  cuusiiitB  of  grains  of  quartz  only."  1  may  odJ 
that  where  spherulites  are  iu  oontact,  there  is  a  divisional  tine 
between  them,  as  in  the  Lipari  and  Drumadoon  specimens,  and  seme- 
timea  the  spaces  between  tbe  polygonal  boundary  lines  and  the  circle 
show  a  structure  intermediate  between  the  normal  felsitic  and  the 
true  radial ;  also  that  this  spherulitio  fclaite  exhibits  great  variety  of 
structure ;  a  piece  taken  at  the  distance  of  a  yard  from  one  of 
the  parts  where  these  spherulites  are  best  developed  showing  coo- 
parutively  few  of  them,  and  these  very  suiuJJ,  ol'teu  iuiperJevI,  soJ 
with  a  linear  arrangement  A  slide  from  this  last  specimen  shovt 
that  the  felsitic  structure  mentioned  by  Mr.  Allport  prevails  in  uost 
parts;  and  the  spherulites  are  isolated  and  not  very  well  developed; 
a  slight  handed  structure  is  apparent  in  the  rock;  and  here  and  then 
also  a  curious  structure  something  like  a  lichen  or  dendritio  growth. 

A  slice  cut  vertically  from  the  slab  at  tbe  base  of  the  felsite  in  the 
cliff  shows  that  this  Ptnicture  prevails  throughout  it.  With  crossed 
prisms  the  effect  is  really  pretty,  a  peculiar  arborescent  growth,  hke 
some  lichens  or  sea-weeds,  standing  out  with  a  sort  of  stereoscopic 
effect  in  various  tints  of  milky  grey  against  a  dark  ground.  Here 
and  there  is  a  trace  of  spherulitio  structure,  and  the  bands,  which 
are  not  nearly  so  distinct  under  the  microscope,  have  rather  a 
streaky  aspect.  A  slice  from  the  base  of  the  felsite  on  the  shore, 
where  it  approaches  most  nearly  in  appearance  to  the  spheruliiic 

1  Geol.  Mia.  Dm.  I.  Vol.  IX.  p.  641. 

*  Emcily  the  lame  itiucture  it  n«n  in  tbe  felsite  fiom  near  Diamsdoon,  mentioiinl 
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felsite,  shows  an  irregular  banded  structure ;  wavy,  mossy,  brown 
bands  and  elongated  streaks  of  brown  dust,  giving  it  somewhat  the 
appearance  of  a  slice  of  agate ;  the  latter  are  full  of  tolerably  clear 
spherules,  sometimes  isolated,  sometimes  crowded;  with  crossed 
prisms  these  show  very  clearly  radial  polarization.  In  parts  of  the 
elide,  the  dendritic  structure  described  above  may  be  seen ;  it  is 
more  brightly  coloured  than  in  the  last;  in  fact  one  constituent 
(quartz  ?)  in  this  slide  seems  to  be  more  distinctly  crystalline  and 
the  other  more  earthy  than  in  that  specimen. 

With  regard  then  to  this  particular  rock,  the  spherulitic  felsite,  the 
evidence  seems  to  show  that  it  is  more  closely  related  to  the  felsite 
than  to  the  pitcbstone,*  but  that  it  is  not  merely  a  portion  of  the 
felsite  altered  in  situ.  It  appears  to  have  distinctly  flowed  at  a  period 
subsequent  to  the  intrusion  of  the  ordinary  felsite.  In  this  respect 
its  relation  seems  closer  to  the  pitchstone.  It  is  evidently  a  rock  of 
extremely  local  occurrence.  I  conclude  therefore  tliat  the  pitch- 
stone,  which  has  everywhere  very  highly  altered  the  felsite  in  con- 
tact with  it,  has  in  one  or  two  places  actually  melted  it  down,  so 
that  the  liquefied  mass  flowed  for  a  short  distance  before  solidifying 
again.  The  regularity  of  the  spherules  shows  that  they  did  not 
begin  to  form  till  the  mass  was  wholly  at  rest. 

Reviewing  then  the  whole  of  the  evidence,  it  would  appear  as  if 
spherulitic  structure  were  generally  one  of  the  very  last  to  be  set 
up,  so  as  to  be  even  capable  of  being  produced  in  a  rock  by  a  tem- 
perature a  little  lower  thau  that  which  would  actually  melt  it. 

The  above  observations  also  seem  to  throw  some  light  on  the 
cause  which  produces  it.  This  seems  generally  to  be  vaguely  stated 
as  *  concretionary,'  or  the  result  of  crystalline  forces ;  devitrification 
being  often  supposed  to  be  started  by  the  accidental  presence  of  some 
foreign  body  at  the  central  point.  The  above  examples  suggest  a  more 
definite  explanation,  which  may  at  any  rate  hold  good  in  numerous 
cases.  That  spherulites  are  formed  at  all  may  be  due  primarily  to 
very  slight  differences  either  in  mineral  composition  in  that  part  of 
the  glass,^  or  in  the  rate  or  mode  of  cooling.  What  we  have  noticed 
seems  to  show  that  only  very  rarely  had  they  any  connexion  with 
included  substances,  and  suggests  that  they  have  rather  grown  in- 
ward than  outward.  Suppose  then  a  cooling  mass,  already  in  a 
semi-solid  condition,  to  be  losing  heat  very  slowly  and  uniformly  in 
all  directions,  it  will  thus  be  thrown  into  a  state  of  strain  from  con- 

^  I  am  indebted  to  a  coUeg^e  friend  for  the  following  additional  evidence. 
The  Bphenilitic  felsite  agrees  in  composition  more  closely  with  the  other  felsite 
(allowing  for  its  state)  than  with  the  pitchstone ;  the  last  having  at  least  2  per  cent. 
less  SiOj.  Again,  when  the  powder  of  all  three  is  heated  to  redness  for  about 
10  m.,  that  of  the  two  felsites  does  not  cohere,  and  afterwards  cannot  be  distinguished 
in  colour— being  an  ochreons  grey;  while  that  of  the  pitchstone  coheres  and  is 
brownish  stone-frey.  Again,  on  fusing  both  the  spherulitic  felsite  and  the  pitch- 
stone with  (K.  Na.)  CO3,  the  former  assumes  a  yellowish-CTcen  tinge,  and  the  latter 
a  rather  clear  brignt  green,  showing  there  is  more  Mn  or  less  Fe  in  it.  The  pitch- 
stone also  (though  the  coarser  powder)  decomposed  readily  with  the  fusing  mixture, 
while  both  the  felsites  left  a  residue,  which  required  prolonged  fusion. 

'  As  when  we  find  them  associated  with  the  brown  glass  of  pitohstones. 
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Iraelion,  nnd  will  li»ve  n.  tendency  tri  brtak  up  into  frnfirofnii,  ll* 
j^rmt  facility  with  which  splicrea  are  formeil  under  contractile  elniii 
will  rendBr  a  perlitic  structuro  «  very  common  result,'  but  ecctm 
thnt  obvinualy  space  cannot  be  entirely  filled  by  spherical  Bnrfacci, 
fracture  into  regular  polybeilrons  ib  likely  to  result,  the  form  of 
which,  in  acoordanoe  with  the  principle  of  least  action,  will  b» 
rhombic  dodecahedrons. 

Consider  now  the  case  of  a  single  one  of  these,  and  suppose  it  tn  go 
on  very  gnidually  losing  heat  nuiformly  from  its  exterior,  then,  just 
as  1  have  shown  happens  in  the  cose  of  spheroidal  structure  onalarg« 
scale,  the  surfaces  of  equal  tension  will  be  apjiroxi mutely  epherioL 
As  the  mass  contracts,  all  the  psrticles  in  nny  one  of  these  surfaces 
will  be  simullatieously  acted  ii}ion  by  cm  equal  oentral  force:  if  then 
the  temperature,  pressure,  etc.,  be  each  that  niicrolitbio  crystalliza- 
tion is  set  up,  the  crystals  will  grow  towards  the  centre,  becaase  botli 
that  is  iho  direction  of  the  normal  force,  and  the  snrface  of  crystal' 
lizing  temperature  is  approaching  the  centre.  There  is  thus  a  certain 
analogy  with  the  growth  of  radiating  coliimns  in  a  i«])heroidal  maei 
of  i^ieons  rock,  like  the  spindle  at  St.  Andrews.  The  nucleus,  when 
present,  is  therefore  more  often  likely  to  be  a  residuum  than  an 
included  foreign  body.  As  the  mass  is  in  a  state  of  normal  strain, 
it  may  once  or  twioe  rupture  along  a  concentric  surface  during  iho 
formation  of  (he  spherule,  and  this  may  account  for  the  ooncentris 
layers  in  the  spherules.  Certainly  these  are  not  seldom  eurfooes  of 
weak  coheaioD,  because  the  spherule  exfoliates  easiW  along  tbem, 
and  fhi-y  aio  often  covered  with  a  sort  of  white  dust.  There  is 
thus  a  common  cause  in  the  development  of  perlitic  and  epherulitic 
structure,  namely,  a  contractile  force,  but  this  in  tlie  latter  case  is 
acting  on  a  crystallizing  body.  I  think,  however,  that  the  same 
explanation  will  apply  to  the  spherules  which  do  not  show  a  crystal- 
line structure,  and  probably  to  some  of  the  larger  felsitic  balls  in 
igneous  rocks,  the  outer  surface  denoting  a  surface  of  equal  force, 
which  has  caused  the  part  within  to  assume  a  structnre  (not  neces- 
sarily crystalline)  diflferent  from  that  without.  Further,  it  will  be 
obvious  that  the  process  of  formation  of  a  line  or  band  of  sphende) 
will  be  analogous  to  the  formation  of  spheroidal  structure  in  a 
column  of  an  igneous  rock,  especially  to  that  case  where  the  spheroids 
are  formed  without  external  rupture  of  the  column. 

Some  of  the  above  evidence,  such  as  the  banding  of  pitcbstones 
towards  the  exterior,  and  one  at  least  of  the  banded  felsites,  also 
seems  to  show  that  this  latter  structure  may  be  the  result  of  squeez- 
ing, not  of  flowing:  the  same  result,  as  I  have  pointed  out  in 
auolher  case,'  being  produced  by  diverse  forces.  The  former  cause 
is  likely  to  produce  the  more  regular  structure ;  for  it  will  be  readilv 
seen  that  if  a  number  of  particles,  not  homogeneous,  are  mixed 
together,  and  then  squeezed,  so  as  to  be  forced  to  pack  into  amalier 
space,  there  will  be  a  kind  of  rhythmic  arrangement,  like  getting 
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^  irith  like,  in  alternate  order.*  The  effect  then  of  contraction  due  to 
r.   oooling  is  probably  mach  greater  in  producing  rock  structures  than 

has  been  generally  supposed.  Since,  however,  the  chemical  coni- 
ng YMsition,  and  the  circumstances  of  solidification,  vary  so  greatly  in 
,  ifl^eous  rocks,  and  a  very  slight  difference  in  the  circumstances  may 
',    produce  with  these  minute  structures  a  very  appreciable  alteration 

in  the  results,  we  must  not  be  surprised  if  cases  should  occur  to 
^    which  we  cannot  apply  the  above  explanations,  at  any  rate  without 

ooQsiderable  modification. 
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Fart  VL — Tomsk  to  IrktUah 

CoNTB3fT8. — Tomsk  to  Krasnojarsk— Appearance  of  the  Country — Flint  Implements 
at  Kansk — Pre-bistoric  Kemaind  in  Siberia,  probably  the  *  Spoor '  of  a  race 
allied  to  the  Eskimo— Geology  in  the  neighbourhoiod  of  Irkutsk — Cold  of 
Irkutsk. 

rE  day  on  which  I  arrived  at  Tomsk,  which  was  the  6th  of 
October,  I  bought  a  small  tarantass,  and  next  morning  I  started, 
vnth  some  who  had  been  fellow-passengers  on  the  steamer,  en  route 
for  Irkutsk.  There  were  four  conveyances  between  three  parties, 
one  of  them  being  used  exclusively  for  baggage.  As  each  of  these 
always  needed  three  horses,  and  sometimes  four,  we  often  had  diffi- 
culties at  the  post-station,  where  the  post-master  seemed  disinclined 
to  allow  such  a  sudden  draft  being  made  upon  his  stables.  Luckily 
my  friends  were  high  officials,  and  travelling  on  Government  ser- 
vice, and  their  wants  had  from  necessity  to  be  supplied.  My 
carriage  being  included  with  the  rest,  I  went  along  comfortably  and 
without  delay,  which  would  most  certainly  have  occurred  had  I 
been  alone.  Before  we  were  fairly  outside  Tomsk  we  ascended 
what  I  had,  when  at  a  distance,  mistaken  for  hills,  but  which  now 
appeared  to  be  only  a  scarp-like  face  of  a  plateau,  and  we  were  soon 
npon  a  dusty  road  bounded  by  a  low  plantation  of  birch.  Now  and 
then  we  plunged  down  and  over  a  small  water-course,  our  momen- 
tum always  carrying  us  some  distance  up  the  other  side.  Every- 
where the  country  appeared  as  if  it  were  an  alluvial  expanse ;  but  in 
the  vicinity  I  think  there  must  have  been  some  beds  of  rock,  because 
everywhere  along  the  road  stone  was  being  used  as  a  material  to 
repair  it  This  was  yellow,  argillaceous,  and  somewhat  slaty  in  its 
character,  perhaps  having  come  from  some  of  the  Coal-measures 
which  I  believe  exist  in  the  vicinity  of  Tomsk.  The  birch -trees 
were  now  destitute  even  of  their  withered  leaves,  and  the  only 
relics  of  the  falling  year  were  a  few  white  heads  of  a  Millefolium 
and  brown  tufts  of  faded  grass.  During  our  first  day  upon  the 
road  we  met  a  number  of  carts  carrying  a  white  clay,  used  in  Tomsk 
for  the  manufacture  of  pottery.     We  travelled  day  and  night,  stop- 

^  With  this  compare  the  *'  veined  structure  *'  in  glacier  ice,  as  explained  by  Prof. 
Tyndall,  GladeiB  of  the  Alps,  p.  376. 
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ping  every  two  or  three  hours  at  some  post-station  to  obtain  t 
change  of  horses.  I  now  noticed  that  the  birch-trees  were  only 
growing  upon  the  land  which  had  been  cleared  on  either  side  of  tbe 
road  ;  far  behind  them  I  could  see  the  dark  fronts^  of  woods  of  fir. 
The  evergreen,  on  being  cut  down,  had  evidently  given  way,  whilst 
trees,  like  birch  and  aspen,  had  sprung  up  in  its  plaoo,  giving  m 
an  example  of  that  succession  in  growtli  which  sometimes  takei 
place  in  the  Vegetable  Kingdom,  and  which  Lyell  and  others  haTO 
represented  as  having  taken  place  in  pre-historic  Denmark  and 
in  other  countries.  Every  night  we  now  had  frosts,  and  it  wy 
necessary  to  wrap  up  warmly,  whilst  every  mOming  the  sun 
streamed  in  at  the  open  mouth  of  our  tarantass  to  take  off  the  dill 
of  night,  and  remind  us  that  it  was  Eastward  Ho  that  we  were 
travelling. 

On  the  morning  of  the  27th  at  last  I  saw  real  hills.  They  were 
large  and  smooth  in  outline.  Separating  us  from  them  there  was 
a  valley  filled  with  mist,  between  the  patches  of  which  small 
stretches  of  a  shining  river  could  now  and  then  be  seen. 

As  we  were  entering  a  village  called  Bojotol,  at  about  9.30  ajt.. 
one  of  our  carriages  happening  to  break  down,  I  had  an  opportunity 
•given  to  me  to  walk  down  to  the  river  I  had  seen,  which  I  learnt 
was  ciilled  the  Chulim.  In  a  bend  ujx)n  the  side  towards  which  the 
water  flowed,  there  were  banks  20-30  feet  in  height  The  upp^r 
layer  of  these  was  of  black  earth,  about  H  feet  in  thickness,  beneath 
which  carae  a  yellowish  clay,  which  readily  crumbled  when  it  w*as 
dry.  In  this  latter,  which  formed  the  remainder  of  the  bank,  alx-ut 
six  feet  from  the  top,  I  found  a  lower  jaw  of  some  small  rodent  like 
a  Squirrel.  This  was  unfortunately  so  friable  that  it  broke  whilst  it 
was  being  transported.  Two  feet  below  this  there  w^as  a  band  of 
clave}'  concretions.  Two  feet  still  lower  I  found  a  number  of  fmg- 
mentary  bones,  only  the  articulating  heads  of  which  were  presorv'e<i. 
They  were  apparently  those  of  an  animal  like  an  Ox.  Ik'neath  this 
bono  band  there  was  a  bed  of  bluish  clay,  from  which  a  talus  sloped 
downwards  to  the  water's  edge,  hiding  all  that  was  beneath.  After 
the  difficulties  of  carriage  mending  had  been  overcome,  we  proceedeti 
on  our  journey.  Some  miles  farther  on  the  road  I  saw  another 
section  in  the  banks  of  the  same  river,  which  I  have  just  describt'd. 
It  was,  however,  twice  as  thick,  and  was  made  up  of  beds  which 
were  very  sandy.  In  the  afternoon  We  passed  a  square  post 
standing  by  the  side  of  the  road,  which  marked  the  division  between 
the  governments  of  East  and  West  Siberia,  and  the  same  evening 
we  entered  the  town  of  Artchinsk.  Before  night  came  on  I  had 
time  to  see  that  there  were  a  few  low  hills  in  the  neighlx)urhood, 
but  these,  I  think,  like  those  at  Tobolsk,  were  made  of  alluvial 
material.  Next  afternoon,  just  before  we  re^iched  Krasnojarsk, 
which  I  looked  upon  as  the  halfway  house  upon  our  tiresome  car- 
riage journey,  we  entered  on  a  hilly  country.  It  was  very  open, 
which,  with  its  want  of  trees,  together  with  its  smooth  curvinj:^ 
contour-lines,  gave  to  it  an  appearance  not  unlike  our  English 
Downs.     For  a  considerable  time  whilst  we  were  rolling  along  the 
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roads  between  these  gentle  slopes,  we  bad  before  us  a  view  of  two 
-very  remarkable-looking  peaks,  which  were  in  shape  like  Egyptian 
pyramids.  These,  however,  by  the  time  we  had  reached  Krasno- 
jarsk,  which  was  early  in  the  afternoon,  had  so  changed  in  tlieir 
appearance  that  they  were  only  like  towering  ragged  rocks.  Near 
the  entrance  to  the  town  I  saw  upon  my  right  a  scarp  of  reddish 
rocks. 

Instead  of  doing  as  I  ought  to  have  done,  and  gone  for  a 
scramble  among  the  surrounding  hills,  I  joined  my  friends  in 
accepting  an  invitation  to  sup  at  the  house  of  the  military 
governor.  Here  the  effects  of  four  days'  and  four  nights'  continuous 
jolting  very  naturally  resulted  in  my  falling  asleep  iu  the  drawing- 
room  of  my  host  Before  midday  next  morning  we  were  again 
upon  the  move.  The  River  Yenesei,  which  we  crossed  just  outside 
the  town,  is  both  broad  and  rapid.  On  the  opposite  side  of  the 
river  there  is  a  range  of  sharply-pointed  hills,  amongst  the  peaks  of 
"which  I  think  I  recognized  my  pyramids  of  the  previous  day. 
Between  the  river  and  the  foot  ot  these  hills,  there  is  a  naiTOw  line 
of  cultivation.  For  some  distance  outside  Krasnojarsk  there  was 
a  continuity  of  cultivated  land,  and  we  had  many  pretty  views  of 
pine-clad  hills,  which  looked  down  upon  villages  and  fields  in  the 
valleys  which  they  bounded. 

On  the  29th  we  passed  through  the  little  town  of  Kansk,  a  short 
distance  beyond  which  we  ferried  over  the  little  river  Kam.  It  is 
so  clear  that  all  across  you  can  see  its  pebbly  bottom.  These  pebbles 
are  mostly  siliceous,  such  stoues  as  Flint,  Jasper,  and  Agate  being 
oommon.  On  the  opposite  shore  we  were  faced  by  a  steep  bank,  at 
least  thirty  feet  in  height,  to  the  top  of  which  we  ascended  through 
a  cutting.  It  was  made  up  of  a  yellowish  sandy  soil,  with  here  and 
there  a  small  patch  of  bluish  clay.  Growing  on  its  slope  there  was 
a  stunted  sweet-smelling  Artemisiay  and  a  small  succulent  broad- 
leaved  plant  like  a  house-leek,  whilst  in  the  water  below  there  were 
beds  of  water-weed.  Near  the  top  of  the  embankment  the  soil  as- 
sumed a  fine  sandy  character,  which  gradually  merged  into  a  black 
earth.  In  one  or  two  places,  when  these  came  together,  I  found 
fragments  of  bone  and  chipped  flints.  With  these  there  were 
many  pieces  of  burnt  wood.  Some  few  of  the  flints  were  in  the 
form  of  rough  arrow-heads  without  fangs,  but  the  greater  number 
"Were  simply  chips.  In  different  parts  of  Siberia  large  quantities 
of  the  remains  of  the  early  inhabitants  have  been  found.  In  the 
Museum  at  Irkutsk  I  saw  many  which  had  been  brought  to  light 
whilst  making  excavations  in  the  vicinity  of  the  town.  Thus,  whilst 
digging  the  foundations  for  a  new  military  hospital  on  the  banks  of 
the  Iliver  Ooshakofka,  a  tributary  of  the  Angara,  in  addition  to 
stone  arrows  and  fragments  of  coarse  pottery,  a  number  of  imple- 
ments and  ornaments  were  also  found.  These  latter  were  made 
from  ivory,  which  is  apparently  that  of  the  Mammoth.  One  of 
these  resembles  a  dice  box  (or  the  head  of  a  croquet- mallet),  but 
differs  slightly  in  the  diameter  of  its  two  extremities,  and  is  not 
hollow.     The  diameter  of  one  end  is  34  mil.,  and  tk^  o\*V«t  ^xA*^ 
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mil.  The  length  is,  I  believe,  71  mil.  In  tbe  centre  of  this* hob 
has  been  bgireJ,  which,  from  ite  conical  shape,  looks  as  if  it  had  Imi 
rymed  out  by  means  of  a  fiakeof  flint.'  Bouad  the  diameter  of  tbii, 
circular  bands  have  been  deeply  scratched.  Another  curioiulj- 
shaped  article  is  spheroidal  in  form,  the  two  diameters  being  re- 
spectively 45  and  58  mil.  Upon  it,  as  upon  the  eylindricft)  hcAj 
which  haa  been  just  described,  there  are  bands  of  circles  tr&veniDC 
its  surface  in  different  directions.  The  use  of  these  articles  does  ml 
appear  to  be  known.  I'hej  were  found  in  clny  at  about  the  depth 
of  2^  mMres,  and  were  accompaiued  by  shells  like  Pupa.  Belit,  and 
Succinea,  uidicating  freshwater  and  terrestrial  conditions.  In  ad- 
dition to  these  I  also  saw  many  other  relics  of  bygone  timw. 
Amongst  these  there  were  many  gouge-shaped  stone  chisels,  likt 
thoxe  which  are  dug  up  iu  Japan,  Newfoundland,  ant]  m&iiy  paitt 
of  North  America.  These,  I  believe,  were  used  to  dre-sa  skins  Witt 
in  a  manner  aimilar  to  that  in  which  a  Micmac  now  jkeribrms  tbe 
same  operation  with  a  knife.  There  were  also  some  teeth  of 
Cervas  elaphuB,  which  had  holes  hored  tlirough  them,  bones  of 
I^^tias  caballiu  and  Biion  priievg.  From  the  comparison  of  these 
beds  with  others  also  in  the  vicinity  of  the  town,  where  the  retuaina 
of  the  Mammoth  have  been  found,  Mr.  Tschereky,  their  disoovemi' 
and  desoriber,  appears  to  think  that  they  in  all  probability  belong  to 
a  M  iddle  Stone  period. 

Resides  those  animals  which  I  have  just  mentioned,  others,  which 
are  conspicuous  amongst  the  list  of  European  Pleistocene  mammalix, 
have  also  been  found  in  the  vicinity  of  Irkutsk.  Thus  we  have 
Elephai  primigenius,  Rhinoceros  Hchorhinus,  Equus  eabaUua,  Ctnv* 
tarandut,  Cervu»  elaphas,  Cerviis  capreotug,  anil  very  many  othera. 

Prof.  Boyd  Dawkins  shows  (hat  the  Palssolithic  cave-dwellers  of 
Eui'ope  have  a  blood  relation  with  the  Eskimos  of  North  America,  a 
■view  which  is  chiefly  founded  on  the  fact  that  these  two  races,  which 
are  now  removed  so  far  by  both  space  and  time,  apparently  used  ibe 
same  set  of  implements,  a  condition  which  at  the  present  day  only 
exisis  between  blood-related  tribes.  The  Musk-sheep  and  Reindeer 
which  now  give  food  to  the  Eskimo,  having  also  furnished  food  to 
the  early  cave-dwellers,  strengthens  the  idea, — and  it  was  as  these 
animals  retreated  from  Europe  across  Asia  towards  the  north-east, 
that  man  retreated  also.  The  bones  of  these  animals,  as  Mr.  Boyd 
Uawkina  tells  us,  together  with  those  that  I  mentioned,  mark  the 
line  of  this  retreat  across  Siberia.  The  fitnt  implements  that  I  found 
upon  the  Kan,  together  with  others  of  like  kind  from  neighbouring 
localities,  tell  us  that  certain  implement' forming  minerals  were 
everywhere  sought  out  and  utilized  by  primitive  Man,  who,  chipping 
them  into  weapons  at  each  convenient  resting-place,  has  thereby 
left  bis  spoor.  If  this  migration  is  a  fact,  and  it  seems,  when  all 
the  evidence  is  considered,  to  he  probable  enough,  then  it  may  be 
correlated  with  those  periods  of  great  cold  to  which  I  have  already 
several  limes  referred. 
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In  the  first  portion  of  my  joamey  across  Sweden,  and  along 
Finland,  I  described  the  ice- worn  aspect  which  these  countries 
present,  which  I,  in  part,  justly  attributed  to  the  action  of  coast-ice 
on  a  rising  area.  I  then  made  reference  to  the  indications  that  we 
have,  both  here  and  farther  south,  of  the  higher  lands  and  valleys 
being  covered  with  glacier-ice.  In  some  places  new  ones  were 
freshly  formed,  whilst  m  other  places  pre-existing  ones  were  aug- 
mented, so  that,  as  Prof.  Bamsay  tells  us,  we  had,  for  example,  in 
the  Alps  glaciers  perhaps  3500  feet  in  thickness.  All  this  implied 
an  intensification  of  modern  agencies.  Farther  on,  upon  the  section 
of  my  journey  across  the  Siberian  steppes,  I  intimated  that  indica- 
tions of  an  ice-cap,  or  of  conditions  so  severe  as  they  appear  to  have 
been  in  Europe,  are  at  present  wanting,  and,  therefore,  until  we 
have  really  found  them,  their  existence  rests  on  debatable  evidence. 
Adopting  the  above  views,  the  tracks  of  Palaeolithic  man,  and  of 
the  animals  which  were  contemporary  with  him,  which  are  being 
brought  to  light  in  Siberist,  may  be  taken  as  congruent  phenomena, 
and  we  may  suppose  that  they  retreated  from  a  climate,  which  in 
Western  Europe  was  by  its  severity  driving  them  towards  the  south, 
and  escaped  to  one  more  suited  to  their  conditions.  That  they  re- 
treated directly  towards  the  north  as  the  cold  retreated,  at  present 
hardly  appears  to  have  been  the  case,  because  remains  of  a  PalsQO- 
lithic  type  do  not  appear  to  have  been  collected  from  those  countries, 
like  Denmark  and  Scandinavia,  where  they  would  naturally  be  ex- 
pected to  occur. 

With  this  speculation  upon  the  cause  of  migration,  which  migra- 
tion was  in  itself  more  or  less  of  a  speculation,  I  will  stop,  and 
return  to  my  track  upon  the  road  to  Irkutsk  from  which  I  have  so 
far  wandered.     The  country  beyond  the  River  Kan  is  undulating, 
and  is  thickly  covered  with  both  pine  and  birch.     As  the  road  some- 
times led  us  along  the  tops  of  ridges,  we  occasionally  obtained  exten- 
sive views.   In  the  afternoon  we  crossed  a  morass  upon  a  road  which 
was  kept  in  its  place  by  a  row  of  piles  driven  in  about  three  feet 
apart  upon  either  side.      Every  morning  we  stopped  at  the  first 
station  we  reached  after  daybreak  to  warm  ourselves  and  drink  tea. 
At  these  places  we  had  excellent  opportunities  for  observing  a  red 
species  of  cock-roach  with  which  the  walls  of  the  station-house 
were  thickly  covered.     On  the  following  night,  1st  of  November,  it 
snowed  heavily,  and  by  the  morning  the  ground  was  so  thickly 
covered  that  the  rapidity  of  our  progress  was  greatly  impeded.    The 
surrounding  hills  were  now  higher.     Owing  to  a  thaw  during  the 
day  and  a  frost  at  night,  the  sides  of  many  of  the  hills  which  wo 
had  to  cross  became  so  slippery  that  it  was  ofteii  doubtful  whether 
we  should  reach  their  summits,  and  much  of  the  night  was  spent 
walking   alongside  our  struggling  horses.      One  horse  we  had  to 
leave  for  dead.     On  the  4:th  it  rained  and  blew  heavily,  and,  in  spite 
of  all  our  endeavours,  the  rain  forced  an  entrance  to  our  tararitass. 
On  the  evening  of  the  same  day,  about  5  p.m.,  we  reached  the  shores 
of  the  rapidly  flowing  Angara,  on  the  opposite  side  of  which  we 
could  see  the  glimmering  lights  of  the  houses  in  IrkuUk.    Is^  V^^^s^ 


510 


Ptqf.  Millie — AcronH  Europe  and  Asia. 


hull  an  liour  u'e  ha.ii  crossed  the  fl^'ing  bridge,  and  were  safelj  al  ths 
ml  of  tliia  s(^ctio[i  of  luy  journey  :  tbe  diutance  from  Tomsk  being 
Ijimt  ISaO  verstH,  or  1036  Enfrlish  mileB.  IrkuUk  la  a  larga  town, 
if  abuul  3(1,000  iiiliabilantH,  containing  many  fairly  haudsome  build- 
ups. It  is  Bituated  on  the  N.E.  side  of  tbe  Angara,  opposite  lo  iti 
inii'tidii  u'itli  tlii^  Itiver  Irkut.  Like  St  Fetersburg,  it  may  be  said 
LI  li.'ive  lii^en  built  upon  a  tnareh.  In  1C52  tbere  were  only  two 
iiiiiMj-i  ii[iii]i  tin.'  present  site,  but  soon  after,  in  J686,  by  order  of  'Hie 
!■  I' ■iiiuiii]!,  tliL>  l<pivu  as  it  now  appears  began  to  rise.  Althoogb 
h"  \',\y\\  ii-i  If  is  fliit,  the  surrounding  oounlry  is  uadulating.  All 
liiLL.'  ilii'  siilis  fif  the  rivers,  and  running  for  some  dielanoe  up  tiiii 
|.4m''s  of  the  hills,  ibere  are  beds  of  alluvium.  On  tbe  hills  them- 
elvt's  ihyro  is  a  cowring  of  yellowisb  earth  from  two  to  three  feet 
[1  thiikjieBs,  wlii:;li,  irum  the  fragmentary  atones  it  contains,  can  be 
een  lo  havo  bwn  di^rived  from  (he  disintegration  of  tbe  Bubjaceot 
ocks.  Tht-se  are  in  the  main  a  grey  and  yellowish  sandstone, 
liyhtly  iniL'iiceoua,  and  soinewliat  gritty,  Tbia  is  quarried  and  ased 
a  II  building  stone  in  the  few  places  where  stone  is  required  about 
[lu  tiiwn.  Ill  Bumi!  places  it  is  (.-onglomeratic.  Whilst  examining  tliii 
x'k  upon  tbe  north-eiist  side  of  the  town.  I  found  several  thin  vi ' 
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hich  ha<l  a  brownish  lignilio 

o\'  this  material  have  been  found, 

quality  than  it  does  in 

iM.'  been  foimd  in  this  formation,  ils 

■  iL  s]ieaking  of  the  coal-fields  of  tbe 

AU.'Ut  40  miles  to  the  north-T 
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Two  days  after  my  arrival  in  Irkutsk  snow  again  fell,  and  this 
time  it  covered  the  ground  so  deeply  that  all  my  outdoor  work 
came  to  an  end. 

In  Irkutsk  there  are  two  museums.  One  of  these  is  attached 
to  a  Technological  School,  and  is  used  for  teaching  purposes,  and  the 
other  is  at  the  rooms  of  the  local  Geographical  Society,  which  acts 
as  a  hranch  of  the  larger  Society  in  St  Petersburg.  Li  this  latter 
there  are  many  objects  of  great  interest.  Amongst  the  minerals, 
fine  crystals  of  Uilnite  and  Onvarovite  are  the  most  noticeable.  In 
the  osteological  collection  the  bones  of  Deer  and  of  the  Mammoth 
seem  to  preponderate.  Some  of  the  latter  had  integument  still 
remaining  on  them.  In  the  Technological  Museum  there  are  some 
remains  of  the  same  animal,  which,  in  addition  to  the  integument, 
have  also  a  good  ooating  of  long  red  hair,  eight  inches  in  length. 
I  also  saw  several  skulls  of  Tigers  from  the  Amoor  district,  and 
Seals  from  Lake  Baikal,  together  with  a  long  series  of  Crustacea, 
which  also  appear  to  be  peculiar  to  this  lake.  Of  especial  interest 
to  the  Zoologist  and  Palaeontologist  are  a  number  of  mummified 
remains  of  various  animals,  which  have  been  obtained  from  a  cave 
near  Nijni  Udinsk.  As  the  temperature  of  this  cave  appears  never 
to  rise  above  —  4°  C.,  the  creatures  that  have  died  in  it  have  had  a 
greot  portion  of  their  integument  preserved.  The  results  obtained 
from  exploring  such  caves,  and  a  number  of  them  appear  to  have 
been  discovered  in  these  localities,  will  probably  be  of  great  interest, 
as  it  will  give  us  a  surer  insight  into  the  softer  parts  of  many 
animals  with  which  we  have  only  hitherto  been  acquainted  from 
their  bones.  In  the  museum  there  is  also  a  small  collection  of  birds 
and  quadrupeds,  some  insects  and  fossils,  and  an  antiquarian  assem- 
blage of  dresses  and  implements.  During  my  stay  in  Irkutsk, 
which  was  for  about  a  month,  the  weather  gradually  grew  colder. 
One  night  the  thermometer  sank  to  —  28°  R.  (—  Sl°  F.).  Notwith- 
standing the  deadening  influence  of  this  cold  at  night-time,  the 
stars  looked  brighter  and  more  cheerful  than  I  had  ever  before  seen 
them,  and  when  the  moon  was  up  it  was  so  light,  that  I  could  read 
without  difficulty  small  handbills  posted  on  the  walls.  The  cold 
was,  however,  too  great  to  be  enjoyed.  During  the  day  the  appear- 
ances were  reversed,  and  the  town«  especiadly  during  the  dull 
weather,  was  both  melancholy  and  depressing.  The  smoke  from 
the  chimneys,  instead  of  rising  to  be  dispersed  in  airy  clouds,  rolled 
heavily  from  the  chimney  tops  in  a  long  black  horizontal  line,  and 
then  fell  down  towards  the  ground.  Its  quantity  seemed  to  be 
increased,  which  was  perhaps  due  to  condensation  of  the  aqueous 
vapour.  When  you  opened  a  door,  the  cold  air  rushing  in  con- 
densed all  with  which  it  mingled  like  so  much  smoke,  which  rolled 
across  the  floor  in  fuming  clouds.  If  the  sun  shone  brightly,  you 
could  often  see  spicules  of  ice  glittering  in  its  beams. 

Although  I  felt  great  cold  whilst  staying  in  Irkutsk,  I  did  not 
experience  anything  like  the  extreme  cold  which  this  district 
annually  experiences.  The  greatest  cold  registered  during  the  pre- 
ceding winter  was  —  39 '5  R.,  and  the  greatest  warmth  during  sum- 
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nier  was  +  21-75  R.,  whicli  gives  a  range  of  61-25  B.,  or  of  137-3  F. 
'Hie  average  letnperoturo  in  winter  at  Irkutsk  is  —  14''-8  B..  wi 
the  average  for  suiumer  +  131  E.  For  the  whole  year  the  avenjp 
is  —  -4  R.,  indicating  that  as  a  whole  the  gay  Bociety  of  Irkatek  K*» 
in  a  freezing  temperature.  Farltier  to  the  north  at  Yaknt«k  lie 
average  temperature  is  —  S'C  It.,  whilst  still  farther  upon  Iho 
bonlere  of  the  Arctic  Ocean  at  Ust  Yansk  it  is  —  IS'O®  K. 

fTa  bt  amlmmd  i»  ear  ntxt  Sumber.J 
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Professor  Tocla  on  thk  Gbolooy  of  St.  Nicolas- Bai^an:  Section 
Osmasich-Ak-P.4 LANKA,  (ProceeJiugs  of  the  Impeiial  Aoadenj 
of  Vienna,  April  25th,  1877.) 

[Comnnuiimt^d  b;  Count  Habhchall,  F.C.G.S.,  etc.] 

THE  central  mas-sif  is  composed  of  crystalline  unstratified  TOck& 
of  granite  (St.-Nioolas  Defile:  altituile  1390  metres),  and  very 
exleneive  dioritio  rocks,  Azoic  rocks,  such  as  olay -slates  hdiI 
gneisBio  rocks,  with  inlei'calalions  of  chloritic  and  quartzitic  echisW, 
appear  hoth  on  the  eonth,  and  especially  the  nortli  slope.  In  this 
direction  they  extend  as  far  as  the  River  Arcer,  where  they  are 
pirtly  overlain  hy  ''Sarnialic"  depoaita.  The  Carboniferous  sand- 
stones south  of  Belgraileik,  on  the  northern  slope,  include  organic 
remains  characteristic  of  the  Old  Red  ("  Waichian  ")  sandstones,  m 
Calamiiet,  Annidaria,  Odonlopteris  ohUi»a,  Nauni.,  CyalheiUs  arW' 
eteent,  Brongn. ;  AlelkopUria  gigtis,  Gutb.,  Tceniopterie  abnonxit. 
Gutb.,  and  Walehia  pyriformis,  Schlth.  These  BandBtones  are  uncon- 
formably  overlain  hy  a  thick  deposit  of  red  sandstones,  probably  the 
Btinter  or  Lower  Triassic  Sandstones.  The  Muschelkalk  is  met  with 
in  the  same  locality.  The  fossils  are ;  Teelh  of  S<t«Ticklht/i,  Lima 
striata,  Schlth.,  Feeten  diselUt,  Schlth.,  Pfcten  Alberti,  Goldf.,  Oitrta 
deeemeoetata,  Mstr.,  Retzia  Irigonetla,  Schlth.,  Spiri/erina  fragilii, 
Schlth.,  Waldheimia  vulgaris,  Schlth.,  and  Bntrochiten  in  abundance. 
The  overlying  strata  are  white  sandstonea  of  unascertained  age,  and 
white  Upper  Jurassic  limestones  with  homstone  and  BelemniUt. 
These  limestones  occur  likewise  beneath  the  Nerinten-limeslones 
of  the  isolated  hill  of  Bahis.  The  JuraBsics  are  conspicuously  re- 
presented south  of  Belogradez  by  hard  sandstones  ('■  Middle 
Dogger"),  with  Pecten  demissut,  Phil..  Monotis  elegant,  Goldf.,  and 
Iklemniles  (near  cana/iodatiif,  Schlth.),  confonnably  overlain  by 
fossiliferous,  distinctly  stratified  limestones,  containing  Sphenodiu 
niiieer,  Quenst.,  Lepidolue  maximvt,  A.  Wagn.,  Aspidoeeras  orlho- 
cerna.  d'Orb.,  Perifphinetes  polyploctii.  Rein.,  Simoeeras  Voublieri, 
d'Orb.,  Oppelia  Eotbeini.  0pp.,  Oppetin  rompra,  Opp.,  Phyiloeerat 
I'irlitidralnm,  d'Orb.,  Aplychus  lalvs.  Park.,  Apt.  Bulgaricua,  Bp.  nova. 
jniyuchoneUa  Agastixi,  Zschn.,  and  Bhynch.  sp.  (near  tparsieotla, 
Quenst.). 

CrelaceoiiB  marls  with  small  Belemnites  and  Inoeerami  are  found 
to  a  limited  extent  between  Vrbova  and  Qupren.    Middle  and  Lower 
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Cretaceous  deposits  prevail  in  the  southern  portion  of  the  chain.  The 
older  sediments  are  represented  there  only  by  Palasozoic  conglo- 
merates and  schists,  and  by  the  red  sandstones  near  Berilovce,  over- 
lain by  limestones  and  marls  with  Orbitulina  lerUictdaris,  two  other 
qpecies  of  the  same  genus,  Spongia  Vola,  Mich.,  and  other  Spongia, 
one  Craticulariay  one  Sporadiscina,  some  Corals  and  Polyzoa,  and 
fragments  of  Ostreay  Terebratidina,  Terehrirostra,  and  Natica. 

Cretaceous  sandstones  rest  on  these  beds ;  and  beneath  them,  near 
Isvor,  are  fossiliferous,  sandy,  and  locally  somewhat  oolitic  Neoco- 
mian  limestones,  abounding  with  Polyzoa  (among  them  a  new 
species,  Heteropora  Isovriana),  together  with  numerous  joints  of  a 
Pentacrintis  belonging  to  the  series  of  astralxB,  Quenst.,  abundant 
spines  of  Cidarites,  a  Peltaates  (near  stellidatus,  Ag.),  and  a  new 
small  Crustacean,  Proaopon  inflatum. 

Friable  Cretaceous  sandstones  then  follow  almost  to  the  descent 
into  the  Nisova  Valley,  where  Caprotina- limestones,  resting  on  marls 
with  Pyrina  pygmcea,  Ag.,  appear.  Enormous  deposits  of  rolled 
blocks  and  gravel  cover  the  slope  up  to  a  considerable  height 
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I. — The  Glacial  Period   in  the    Southern    Hemisphere.     By 
Thomas  Belt,  F.G.S.     (Quart.  Joum.  of  Science,  July,  1877.) 

IN  all  his  former  papers  on  the  Glacial  Period,  the  author  has  dealt 
mainly  with  phenomena  connected  with  the  glaciation  of  the 
northern  hemisphere,  a  great  part  of  which  he  has  travelled  over 
himself,  and  has  therefore  been  able  to  bring  his  personal  experience 
to  bear  upon  the  subject;  but  in  treating  of  the  southern,  he  is  obliged 
to  re]y  for  his  data  on  the  observations  of  other  geologists.  This 
compilation  of  the  recorded  facts  that  relate  to  the  subject-matter  is 
undertaken,  Mr.  Belt  says,  with  the  view  of  refuting  the  idea  which 
seems  of  late  to  have  arisen  in  the  minds  of  some  geologists,  that 
there  is  no  evidence  of  a  glacial  period  south  of  the  equator ;  and  to 
show  that  the  phenomena  there  found  agree  with  those  of  the  northern 
hemisphere. 

The  first  authority  cited  is  Prof  Agassiz,  whose  theories  concerning 
the  Amazon  valley  are  considered  by  the  author  to  be  mistaken  ones. 
The  Pampean  mud,  it  is  argued,  owes  its  origin  to  the  same  causes 
as  the  loess  of  Central  Europe  and  the  silt  of  the  Siberian  steppes, 
viz.  the  formation  of  a  freshwater  lake  through  the  damming  back 
of  the  drainage  by  the  advance  of  the  south  polar  ice  up  the  basin  of 
the  South  Atlantic;  and  a  similar  explanation  is  hinted  at  for  the 
plains  of  gravel  and  silt  in  New  Zealand. 

The  icy  barriers  to  these  lakes  would  themselves  be  melting  and  so 
contribute  to  their  formation,  and  there  would,  it  is  maintained,  be 
no  more  reason  for  the  lakes  they  caused  being  frozen  than  that  the 
Manjalen  Sea,  which  is  formed  in  a  similar  way,  should  be  so. 

This  advance  of  the  ice  in  both  hemispheres  simultaneously  towards 
the  equator  would  result  not  from  a  flow  of  the  ice  in  that  direction, 
but  from  ridges  being  formed  which  intercepted  the  moisture  travelling 
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to  tlie  poles,  and  oompelling  precipitation  to  tako  place  on  the  sl-^rtf 
Aenrest  tbe  equator,  and  lliua,  by  oonlinual  ttccnmulalioD.  wi-Ji 
these  mountains  of  ice  creep  far  into  the  temperate  zoQe« ;  wLii«  «l 
the  pules  themBelves  tbere  would  probably  be  leas  ice  than  is  foani 
there  at  the  present  day. 

Thia  wholesale  aocnmulation  of  ice  at  the  poles,  of  course,  imiilirt 
,'i  like  abstraction  of  water  from  the  sea,  and  Mr.  Belt  calculatM  that 
a  lowering  of  the  sea-level  to  tho  extent  of  2000  feet  took  place  »ll 
over  the  world. 

The  author  agrees  entirely  with  Prof.  Tyndall,  that  to  reduce  tlie 
force  of  tbe  sun's  rays  would  ent  the  glaciers  off  at  their  source,  lai 
llint  "  we  cannot  aflbnl  to  lose  an  iuta  of  solar  action ;  we  need,  if 
utiylbing,  more  vaponr,  but  we  need  a  oondenMer  so  powerful  thsl 
this  vapour,  instead  of  falling  in  liquid  Bhowers  to  the  earth,  shall 
he  so  fur  reducoil  in  temperature  as  to  descend  in  snow."  '  lliis  poq- 
denser,  Mr.  Belt  maintains,  esists  within  the  AntArctic  circle,  which, 
as  it  moved  northward,  intercepted  the  vapour  to  be  condensed  in 
increased  quant itiea. 

As  now-a-days  polar  ice  is  kept  within  proper  bounds  by  tb« 
counterbalancing  forces  of  nature  (as  Mr.  Belt  admits,  p.  2a),  ii 
must  be  left  /or  physicists  to  decide  on  the  causes  that  led  to  its  ex- 
traordinary behaviour  during  the  so-called  "  Glacial  Period." 

B.  B.  W. 


II. — A  Sketch  op  the  Geoix)GY  of  Leioestkhshibf:  asd  Rm.ATin. 
By  W.  J.  Harribok,  T.G.S.  Eeprinted  from  White's  Histoij, 
GHzetteer,  and  Directory  of  the  Counties.  Large  8vo.  pp.  67. 
(Sheffield,  1877.) 

SKETCHES  of  the  Geology  of  our  English  counties  are  alwayi 
welcome.  The  residents  who  have  any  taste  for  the  science 
naturally  take  eapecial  interest  in  the  geology  of  their  own  county, 
and  to  many  of  them,  as  well  as  to  the  occasional  visitor,  a  work  in 
which  the  principal  facts  are  narrated  is  a  great  boon,  because 
mtiny  have  neither  time,  inclination,  nor  opportunity  to  study  tbe 
numerous  special  papers   that   may  have  been   written    upon   the 

Mr.  Harrison  has  already  done  much  useful  work  in  this  way  by 
preparing  a  series  of  Outlines  of  tbe  Geology  of  the  Counties  of 
England,  many  of  which  have  appeared  in  Kelly's  Post-OfGce 
Directories  for  18T6  and  1877.  And  he  has  now  given  ua  afar 
more  elaborate  sketch  of  the  Geology  of  Leicestershire,  accompanied 
by  a  short  accoimt  of  Butland,  which  counties,  from  his  position  as 
Curator  of  the  Town  Museum  at  Leicester,  he  has  had  ample  oppor- 
tunity of  investigating. 

Leicestershire,  geologically  speaking,  is  one  of  our  most  interest- 
ing counties.  In  it  we  are  brought  face  to  face  with  some  of  the 
grander  problems  of  Geology,  as  offered  for  solution  in  its  tiny 
mountain-group  of  Charnwood  Forest,  where  some  of  the  older 
'  Hent  M  »  Mode  of  Motion,  p.  18S. 
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rocks  are  developed,  and  where  the  phenomena  of  igneous  and 
metamorphio  action  may  be  well  studied.  We  may  add  that  here, 
too,  we  have  abundant  material  for  controversy.  In  the  Lower 
Oolites,  the  Lias,  and  in  the  New  Red  Sandstone  series,  we  may 
seek  relief  from  the  puzzles  of  the  older  rocks,  while  the  complex 
history  of  the  Drift  deposits  'furnishes  another  pleasant  subject  of 
dispute. 

Commencing  with  the  Crystalline  and  Slaty  rocks  of  Chamwood 
Forest,  Mr.  Harrison  notices  their  general  structure  and  arrange- 
ment, describing  in  detail  the  principal  sections.  The  granite 
quarries  of  Mount  Sorrel  and  the  syenite  quarries  of  Croft,  Huncote, 
Sopewell,  Mark  field,  and  Enderby,  as  well  as  the  quarry  at  Bardon 
Hill,  are  represented  in  photographic  plates.  The  stone  of  Bardon 
Hill  is  described  by  the  Kev.  T.  G.  Bonney  as  a  felstone. 

The  coarse  ashy  slates  of  Broom brigg's  Hill  are  likewise  well 
shown  in  a  photograph,  and  this  neighbourhood  is  stated  to  contain 
the  most  typical  outcrops  of  the  slates. 

Concerning  the  age  of  the  old  rocks  of  Chamwood,  Mr.  Harrison 
observes  that  they  "  may  be  put  down  as  Lower  Silurian  [= Upper 
Cambrian  of  Sedgwick]  with  certainly  as  great  a  degree  of  proba- 
bility as  the  theory  has  which  assigns  them  to  Cambrian  [= Lower 
Cambrian]  Laurentian  age.'* 

Many  points  of  interest  are  furnished  by  the  Carboniferous  rocks, 
and  especially  in  the  structure  of  the  Coal-district.  No  Coal-measures 
are  exposed  on  the  eastern  flanks  of  the  Paladozoic  rocks,  "the  old 
elevation  line  of  Chamwood  seems  to  have  bent  southwards,  and 

Sassing  by  Enderby  and  Sapcote  forms  a  terminal  ridge  in  that 
irection."  But  Mr.  Harrison  briefly  discusses  the  probability  of 
finding  coal  beyond  this  ridge,  in  the  most  easterly  portion  of 
Leicestershire. 

Li  describing  the  Permian  and  Triassic  rocks,  allusion  is  mado  to 
the  unconformity  between  the  former  rocks  and  the  Coal-measures, 
and  it  is  likewise  pointed  out  that  the  Permian  and  Triassic  rocks 
are  unconformable,  although  "  there  are  no  good  sections  in  Leices- 
tershire to  show  this."  It  is  only  right  to  observe  that  the  marked 
break  between  Permian  and  Trias  which  was  formerly  supposed  to 
exist,  is  now  questioned ;  while  the  overlap  of  the  Trias  merely 
indicates  submergence  and  in  itself  affords  no  evidence  whatever  of 
unconformity.  It  may  be  questioned,  too,  whether  the  marks  of 
erosion  between  the  Bunter  and  Eeuper  are  more  than  local,  and 
such  as  we  might  expect  to  occur  anywhere  in  such  false-bedded 
accumulations. 

Interesting  accounts  of  the  Bhaetic  beds.  Lias  and  Oolites, 
and  of  the  various  gravels  and  other  Dritt  deposits,  follow ;  there 
are  some  notices  of  remarkable  boulders,  and  a  plate  showing 
glaciated  and  waterworn  rocks  at  the  granite  quarry  of  Mount 
Sorrel.  Notices  of  prehistoric  man,  of  mineral  springs,  list  of 
heights,  glossary  of  technical  terms,  and  records  of  colliery  shafts, 
complete  the  subject-matter  of  the  Geology  of  Leicestershire. 

Butland,   until   very  recently,  says  Mr.  Harrison,  was  quite  a 
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neglect«d  county,  so  far  as  its  geology  was  txiaoemed,  bnt  MHi 
1867  tb<3  rfsearcUes  of  Prof.  J.  W.  Judd,  wbicb  liave  bean  puUiiM 
by  tbo  Goologieat  Survey  in  the  shape  of  map  aud  memoir,  ban 
pretly  well  exhausted  the  subject, 

Mr.  nanisoa  ilescribeB  the  Liassic  and  Oolitic  rocfcs,  and  tl* 
Post-Tt'rliary  gravels  and  clays,  uotiug  all  the  economic  fealntw 
ttud  otht.>r  points  of  interest. 

Wo  should  have  uientioneii  that  in  describing  the  Geology  of 
Leioestershire,  due  acknowledgment  wau  made  of  the  obserrvtiaM 
of  other  geologists— of  Mamniatt,  Jukes,  Potter,  the  Rev.  W.  H. 
Coleman,  Hull,  Ansted,  aud  others.  And  we  may  add  that  the 
photographic  tllustrntioua,  which  to  the  number  of  twelve  an 
scattered  through  the  volume,  arc  well  executed,  and  rcpreaent,  al 
clearly  as  photographs  can,  some  of  the  grandest  facta  in  the 
geology,  which  have  been  so  carefully  described  and  arranged  in  lbs 
letterpreae  by  Mr.  Harrison.  H.  B.  W. 


in. — Ltmak's  OboluoicjlL  Scbvkt  op  Japan.' 

IT  is  now  nearly  three  yenra  since  we  noticed  in  Dec  II.  VoL  I. 
of  the  Geol.  Mao.  the  preliminary  re]M>rt  on  the  first  SMSou's 
work  of  the  Geologioil  Survey  in  the  Island  of  Yeaso,  We  have 
now  before  us  four  extremely  detailed  reports,  making  up  over  BO" 
pages  of  letterpress,  with  numerous  maps,  said  to  have  an  area  of 
190  Bfjuiire  feet:  the  whole  recording  the  operations  of  the  Survey 
down  to  the  year  1876. 

Mr.  Lyman  does  not  appear  to  have  allowed  the  grass  to  grow 
under  his  feet ;  and  with  the  characteristic  energy  of  our  American 
cousins,  we  find  that  sickness  was  not  permitted  to  arrest  his 
progress,  though  the  cure  adopted  was  starvation ;  also,  when  thrown 
from  his  horse  and  seriously  injured,  he  had  himself  carried,  thus 
performing  long  journeys. 

It  speaks  well  for  the  capabilities  of  Japan  that  he  has  been  able, 
within  so  short  a  time,  to  train  native  assistants,  with  the  aid  of  bat 
one  fellow-countryman  (Mr.  Munroe),  not  alone  in  geology,  but  ia 
Burvej'ing  and  mapping,  so  as  to  produce  the  very  highly  creditable 
results  before  us. 

The  printing  of  the  reports  ia  most  excellent,  clear  and  neat,  the 
paper  white  and  good,  and  though  they  have  only  stifi"  paper  covers, 
they  have  a  tasteful  aud  business-like  look,  most  having  an  index, 
and  all  possess  the  great  advantage  of  clean  cut  edges.  The  maps, 
too,  are  well  lithographed  and  photographed,  faithfully  reflecting 
Mr.  Lyman's  own  style.  Tliey  look  perhaps  rather  crowded,  but  it 
is  from  the  effort  to  make  them  contain  all  the  information  possible, 
in  both  Japanese  and  English  writing,  the  latter  in  somewhat  large 
thin  block  chamcter,  probably  the  most  easily  acquired  by  native 
draughtsmen.     1'hey  have  also  contour  lines  to  show  the  form  of  the 

'  Keporls  of  Progress  of  the  Geological  SiuTey  of  Yeaso  or  HokkBido  and  the  Oil- 
fields of  Japim,  the  Island  nf  Yesso,  etc.,  1HT4  to  1877,  by  BenjamLn  Smitti 
I^man,  Chivf  Geologist  Hud  Mining  Engineer.  Tukei :  published  by  the  Kaitakoi^ 
(CaloDiiation  fiuurd). 
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ground,  and  what  seem  to  be  rather  speculative  lines  to  mark,  not 
merely  the  outcrops  of  the  important  beds,  but  also  their  positions 
at  various  depths  beneath  the  surface.  One  of  the  maps,  a  sketch 
of  the  geology  of  Yesso,  is  lithographed  in  colours,  the  first  attempt 
of  the  kind  made  in  Japan,  its  registry  is  almost  perfect,  and  it  could 
scarcely  have  been  better  executed  anywhere  else.  On  the  whole 
there  is  no  Geological  Survey  with  which  we  are  acquainted  that 
produces  its  results  in  much  better  form. 

In  some  respects  the  reports  may  be  called  exhaustive,  they  are  so 
numerous  and  so  detailed.  One  section  is  given  through  6500  feet 
of  rocks,  showing  frequently  the  thickness  of  strata  only  amount- 
ing to  small  decimals  of  a  foot,  and  the  distances  of  one  obsei*vation 
from  another  are  often  mentioned  in  the  number  of  paces  actually 
stepped,  besides  stating  larger  measurements  and  those  of  quantity 
in  both  English  and  Japanese  terms.  The  angles  and  directions  of 
dips  and  strikes  are  profusely  recorded,  and  even  the  forms  of  the 
ground  below  the  sea  are  mentioned. 

Nor  are  the  geology  and  economic  geology  alone  the  subjects  of 
these  reports ;  most  of  them  have  the  form  of  a  traveller's  journal, 
abounding  with  remarks  upon  the  topography,  forests,  water  power, 
hotels,  horses,  weather,  inhabitants,  the  customs,  schools,  spelling 
and  pronunciation  of  Japanese  names,  political  economy,  in  short 
nearly  everything  a  tourist  in  a  strange  land  would  observe. 
Throughout,  though  geological  features  receive  attention  largel}',  the 
practical  mining  engineer  as  an  observing  medium  is  very  evident. 

Considerable  space  is  devoted  to  Coal-fields,  as  a  matter  of  course, 
the  carriage  and  shipment  of  the  mineral,  with  numerous  tables, 
showing  the  constitution  of  the  various  beds,  and  we  learn  that  there 
are  in  Yesso,  both  above  and  below  sea-level  down  to  4000  feet, 
150,000,000,000  tons  of  workable  coal,  or  **  two-thirds  as  much  as 
the  coal  of  the  same  thickness  of  the  famous  fields  of  Great  Britain." 
One  descriptive  term  of  frequent  occurrence,  "  bony  coal,"  may  be 
an  American  expression,  with  the  meaning  of  which  we  are  un- 
acquainted. 

The  mineral  oil  of  Yesso  is  black,  thick,  and  does  not  seem  to  be 
of  much  economic  impoi*tance.  The  island  contains  an  estimated 
quantity  of  3700  tons  of  native  sulphur.  One  of  the  sources  of  this, 
on  a  promontory  at  the  N.E.  side  of  the  island,  is  thus  described  : 
*'  It  is  a  large  hole  in  the  midst  of  tlie  deposit,  .  .  .  perhaps  a 
hundred  feet  in  diameter,  and  thirty  feet  deep,  and  at  the  bottom 
has  a  smaller  hole,  perhaps  twenty  feet  long  and  fifteen  wide.  The 
smaller  hole  is  full  to  within  perhaps  five  feet  of  its  brim,  with  a 
dark  brownish-gi-ay,  muddy-looking  liquid,  which  is  boiling  violently 
and  spouting  upwards  for  several  feet  in  great  commotion,  and 
sending  out  heavy  fumes  of  sulphur  that  hide  the  view  much  of  the 
time.  The  liquid  would  appear  to  be  nothing  but  melted  sulphur ; 
in  the  whole  branch  valley  (here  was  no  water  to  be  seen.  More- 
over, water  could  not  exist  at  that  temperature  in  such  a  place 
without  quickly  turning  to  steam  and  disappearing ;  and  no  steam 
is  noticeable  in  the  fumes.      They  are  rising  from  the  hol^^  «s^ 
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blown  Bometimea  one  way,  and  eomedmes  another,  and  have  ilrapp«d 
powdery  suJphiir  all  about  witliia  a  space  of  somewhat  rectaagolu 
eliape,  about  250  yards  long  from  top  to  bottom,  au<I  loO  ytr^ 
wide  AorosB  the  val1(<y,  which  here  ia  broad  and  shallow,  and  ^op«« 
Bt^ply  westward,  falling  obout  325  feet  from  top  to  bottom  of  the 
■ulphur.  Tbere  are  no  plants  here,  and  the  groiind  is  ooverad  with 
rough  blocks  of  Htone  of  one  foot,  two  feet,  or  even  six  feet  or  mon 
ui  diameter,  a  grey  volcanic  roi:k,  traohylic  porphyry  coDtaioii^ 
Bunadine.  Among  those  stones  the  sulphur  baa  gathered  to  irregiDlaf 
depths,  in  some  hollows  quite  covering  the  stones  like  a  Bnow-dri& 
In  some  pUcos  the  sulphur  is  burning  quietly  at  a  depth  of  a  few 
inches  below  its  surface,  nnd  Bonding  out  fumes  by  email  lules. 
Further  down  bill  the  sulphur  has  been  washed  by  the  rains  dows 
the  bod  of  the  stream  now  dry,  and  haa  collected  into  a  solid  prett; 
pure  miisK,  a  foot  or  two,  or  even  three,  in  tLickiiess,  but  only  a  few 
feet  wide,  though  perhaps  a  hundred  yards  long."  As  would  not  b« 
unlikely,  there  is  no  drinkable  water  within  a  mile  and  a  half;  tis 
carriage  to  the  shore  is  di(5cult ;  am)  yet  it  is  thought  a  amalL  profit 
might  be  made  by  working  the  deposit ;  the  experiment  of  dipping 
up  the  molten  sulphnr  ja  suggested,  but  no  mention  is  made  of  tJTj 
possibility  of  condensing  and  thus  economising  the  fumes  ao  largely 
given  off. 

Iron  seoms  only  to  oooor  in  the  forms  of  mngDCtic  iron  sand  along 
the  shores  of  Volcano  Bay,  etc.,  and  as  bog  iron  ore  in  other  ploow, 
the  whole  imioiint  prcBtnt  being  hardly  more  thnn  100,000  tons. 

With  regard  to  geology  proper,  extended  knowledge  of  the  gronnd 
has  reduced  the  number  of  formations  into  which  the  rocks  had  been 
previously  divided,  so  that,  instead  of  the  list  formerly  given,  we 
have  now  the  following : — 

JVfio  Alluvium,  pBrhap*  tin  to ,_..    ....    ....     100  feet  in  thickno* 

Old  Alluvium  „  ....    ., 100        „         „ 

Sm  Volcanic  Soeki      „  _.     .„.     ....     200         „         „ 

Tathiitit  Group,  probahl)'  about 3900         „         „ 

Old  Vokaniti  Soeki,  perbaps     _.     3000        „        „ 

Sorumui    (or    SrovD    CoBl-bearing)    Oroup, 

probably  about       _ 6500        „        „ 

KaiiHiikotan  {Mctamoiphic),  perbapa        ,„ 3000         „         „ 

The  thicknesses,  except  those  of  the  Toshibete  and  Hommoi 
groups,  are  not  based  on  any  measurements,  but  inferred  from 
general  observations. 

Mr.  Lyman  has  seen  reason  to  abandon  the  ToihiheU  Ktril 
division,  and  to  include  it  with  the  TothihrAs  Karafto  groups. 

In  one  of  his  reports  specially  geological  he  has  not  adopted 
the  chronological  order  of  description,  but  inverted  it,  sacrificing  the 
advantage  derivable  from  giving  a  comprehensive  idea  of  consecutive 
geological  events. 

A  great  want  is  that  of  geological  sections  showing  the  strocinre 
of  the  island,  and  the  manner  in  which  the  different  groups  succeed 
each  other.  Sections  across  the  coal-beds  are  frequently  given, 
showing  synolinn!  and  anticlinal  curves,  the  forms  of  which  need 
not  as  a  general  rule  be  necessarily  those  assumed  for  them  from 
observations  on  the  dips  taken  at  the  suriaoe,  but  we  do  not  find  a 
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(ringle  section  showing  the  geological  relations  of  the  formations, 
and  this  is  the  more  strange  because  it  would  appear  that  ample 
materials  for  rough  ones  at  least  have  been  collect^. 

In  connexion  with  his  rock  groups,  our  author,  too,  seems  to 
plaoe  more  importance  than  necessary  upon  the  directions  in  which 
the  beds  are  folded,  the  folds  of  different  regions,  or  of  the  same 
region  with  different  axial  directions,  being  thought  to  mark  different 
periods  of  disturbance,  without  the  collateral  testimony  of  uncon- 
formity or  distinct  superposition,  or  much  other  conclusive  evidence 
being  adduced  to  prove  difference  of  age,  either  of  the  rocks  them- 
selves, or  in  their  systems  of  disturbance. 

The  oldest  group  of  the  Island  of  Yesso  is  the  Kamaikotan  (or 
Home  of  the  Gods)  subdivision,  a  series  of  metamorphic  quartzites, 
taloose  and  quartzose  schists,  blue  marble,  and  blackish  serpentine, 
with  greenish  impure  limestone,  granites,  and  mica  schist.  So  far 
as  we  have  gathered,  these  rocks  are  all  distinctly  stratified,  they 
oontain  no  fossils,  and  are  sharply  contorted  with  steep  angles  of 
dip  from  45°  to  60°  or  more.  They  form  the  core  of  the  island,  and 
any  mineral  veins  they  contain  traverse  also  rocks  of  the  next  newer 
stage,  80  that  it  is  doubtful  if  they  oontain  any  peculiar  to  them- 
selves— even  the  gold  of  the  superficial  deposits  not  being  excepted. 
These  metamorphic  rocks  are  of  unknown  age. 

Next  newer  than  this  is  the  Horumui  group,  containing  very 
numerous,  but  for  the  most  part  thin  or  impure  beds  of  coal,  with 
some  good  coal,  having  but  a  small  per-centage  of  ash,  and  some 
'  furnishing '  coke  of  good  appearance.  The  rocks  are  chiefly  sand- 
stones of  greenish  or  grey  colour  and  grey  shales  or  clays.  The 
fossils  found  have  been  few,  and  not  carefully  studied;  but  the  rocks 
are  thought  to  be  of  early  Tertiary  or  possibly  of  late  Secondary  age. 
In  probably  the  lowest  beds  a  Ftychoceras  and  some  Ammonites 
have  been  obtained.  This  group  is  more  than  double  the  thickness 
of  any  other. 

Conformably  succeeding  these,  apparently,  though  this  is  not  dis- 
tinctly stated  to  be  the  case,  is  a  group  of  Old  Volcanic  rocks, 
•  trachyte  porphyries,  with  small  crystals  of  glassy  felspar,  taken  to  be 
of  late  date,  because  of  their  rhyolitic  character.  Light  grey,  coarse- 
grained syenite  occurs  in  them  at  several  places,  and  diorite  less 
frequently.  These  rocks,  it  is  supposed,  may  have  partly  issued  from 
volcanos  that  still  send  out  new  volcanic  rocks. 

Then  comes  the  Toshibeta  group,  possibly  locally  conformable  and 
passing  into  that  preceding.  In  this  group  Mr.  Munroe  distinguished 
two  divisions,  the  upper  of  clays,  sandstones  and  pumice,  or  other 
conglomerates  derived  wholly  from  volcanic  rocks,  and  the  lower 
of  shales,  sandstones  and  conglomerates.  Between  the  two  he  thought 
at  one  place  he  detected. an  unconformity,  though  there  was  none 
elsewhere. 

Derived  pebbles  of  syenite  and  other  crystalline  rocks  in  these 
beds,  supposed  to  have  come  from  the  Old  Volcanic  group,  would  at 
least  suggest  more  of  unconformity  than  is  stated  to  exist. 

One  bed,  500  feet  or  so  from  the  top  of  the  grou^^  Qow.t;^vck&  1<;^^^ 


Pecteni,  Oysters,  etc.,  of  very  recent  appearanoe,  i 
nanibers.  It  is  this  group  also  which  contains  the  sJighUy  42- 
beitriiig  beds  ;  the  rocks  are  extremely  disturbed,  tmil  are  conjeotond 
by  Mr.  LyiuAii  to  be  of  middle  Tertiary  age. 

The  New  Volcanif  rooks  include  those  BurrouDding  or  near  all  tie 
numerous  volcnnio  mountains  of  the  island — pumice  of  li^bl-brtnni 
colour  with  capillary  pores,  trachytio  rock,  etc  ;  some  of  that 
volcaiios  still  seadiog  forth  sulphurous  smoke,  aud  one  haTing 
been  in  eruption  as  lale  as  ltJ74. 

Tile  Old  Allttcium  consists  of  materials  brought  down  by  anciral 
rivers,  just  as  the  Neie  AUnpiuiii  does  of  that  now  being  deposited  by 
the  present  Btxeams.  Overlyiug  the  latter  are  extensive  luanht^ 
and  some  peaL 

Among  the  minerals  of  less  importance  than  those  previously 
tuentionod,  the  gold-fields  of  the  island  are,  perhaps,  only  voi^ 
noticing,  to  say  that,  after  close  exuminntioti,  the  industrial  prospccU 
connected  with  tUem  are  unpromising,  160,000  dollars  worti  being 
barely  workable. 

The  Survey  is  conducted  under  the  orders  of  the  ColoniEnlion 
Board,  or  Knitnkutki,  whose  multifarious  supervision  seems  to  in- 
clude the  making;  of  roads,  railwnys.  bridges,  building  of  schools. 
ownership  of  all  the  horses  in  the  island,  introduotion  of  cattl& 
grain,  and  other  plants  from  ahroad,  as  well  «s  fruit  trees,  the  produce  of 
hundreds  of  thousands,  which  will,  Mr,  Lyraaa  observes,  bring  the 
good  fame  of  the  Kaitakusbi  most  agreeably  into  everybody's  mouth. 

Although  these  reports  leave  the  impression  that  there  ie  a  good 
deal  still  to  be  done  in  the  way  of  elucidating  the  geology  of  Yaso, 
they  contaiu  a  fund  of  interesting  iuforiuation,  which  warrants  the 
wish  of  stiU  further  success  to  the  Geological  Survey  of  Japan.— W- 
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OSTEACODA  AND  FORAMmiFERA  IS  THE  MIOCENE  OF  SOUTH 
AUSTRALIA.' 

SiE, — In  the  Geological  Maqazihe  for  July,  1876,  Mr.  Eobert 
Etberidge,  jun.,  has  furnished  a  list  of  Foraminifera  and  Ostniooda 
derived  from  the  matrix  of  mollusca  obtained  from  tho  Government 
Well  sunk  on  the  Murray  Flats,  between  the  Burra  and  the  Nortli- 
West  Bend,  South  Australia,  and  I  wish  to  correct  errors  that  he  has 
fallen  iuto  in  assigning  the  beds  yielding  the  fossils  to  the  post- 
Tertiary,  and  in  remarking  that  the  Ilivor  Murray  Fiats  must  be 
composed  of  strata,  geologically  speaking,  of  no  great  antiquity. 

The  River  Murray  Plain  is  constituted  of  Miocene  strata  (contem- 
poraneous with  the  fossiliferous  beds  of  Tertiary  age  in  the  southera 
and  western  parts  of  Victoria,  with  which  your  correspondent  is  so 
familiar).     These  Miocene  beds  are  bounded  on  the  west  by  the 

1  Thi«  letter  has  been  by  an  ovenight  scddeDtsUy  held  over. — EdiL  Gioi_  Mao. 
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'-    Adelaide  chain  of  metamorphio  and  slate  rocks,  where   they   are 
>    covered  up  by  a  Pliocene  drift  (of  pluvial  or  glacial  origin),  contain- 
ing remains  of  extinct  marsupialia  and  trees  only. 

The  two  sets  of  deposits  are  shown  in  the  Well-section  alluded  to, 
'which  is  as  follows : — 

Estimated  thicknessefl. 

Pliocenb —  Feet. 

**  Mallee "  clay  ..^. 40 

Miocene  (marineV 

Light>colourea  sandstone  with  casts  of  shells       .....  10 

Grayelly  ironstone  and  bands  of  clay)  ». 

Blue  marl                                            ]     '""    - -  *** 

Sandstone  without  shells 17 

Loose  sand ^ «...  6 


Actual  depth .....    154 

XJNnrE&siTT  OF  Adelaide, 

June  ISthy  1877.  EaLPH  TaTK. 


ELEPHAS   MERIDIONALIS   IN   DORSET. 

Sib, — At  a  recent  visit  to  the  Blackmore  Museum  at  Salisbury, 
I  was  surprised  to  see  two  specimens  of  the  teeth  of  Elephas 
fneridionaliSf  which  were  labelled  as  found  at  Dewlish,  in  Dorset- 
shire. This  being  a  preglacial  species,  it  would  be  interesting  to 
learn  under  what  conditions  they  occurred  at  that  locality,  which  is 
situated  among  the  Chalk  downs.  The  specimens  were  white,  and 
had  the  appearance  of  having  come  out  of  Chalk  debris. 

The  only  specimen  I  have  seen  from  any  English  locality  besides 
the  Cromer  Forest-bed  was  a  fragment  at  the  Chichester  Museum, 
said  to  have  been  found  on  the  neighbouring  Sussex  coast. 

Can  any  of  your  correspondents  give  information  about  these 
specimens  ?  0.  Fisher. 

EEVEESED   FAULTS  IN  BEDDED   SLATES. 

Sir, — ^I  should  like  to  call  Mr.  Hebert's  attention  to  a  few  points 
in  his  article  on  the  above  subject  in  the  October  Number,  which 
appear  to  require  further  consideration.  Though  it  may  be  the 
established  rule  in  some  coal -mining  districts  that  the  hade  of  a 
fault  is  to  the  downthrow,  there  are  in  other  districts  exceptions  to 
this  rule,  in  which  the  faults  are  *  reversed,'  or,  as  they  are  commonly 
called  here,  overlap  faults.  The  cause  of  these  reversed  faults  is,  as 
stated,  no  doubt  horizontal  pressure,  the  results  produced  varying 
with  the  angle  of  hade,  friction,  and  so  forth.  The  causes  of  these 
horizontal  pressures  I  should  be  glad  to  see  further  discussed  by  the 
author.  The  cooling  of  the  earth,  and  consequent  contraction  of 
the  nucleus  beneath  the  solid  cinist,  has,  as  well  as  the  more  local 
effects  of  earthquakes  and  volcanic  intrusions,  been  suggested  as  a 
cause.  It  is  evident  that  a  local  subsidence  under  an  arched  portion 
of  strata  will,  if  the  abutments  are  stronger  than  the  arch  at  the 
line  of  subsequent  rupture  (or  fault),  cause  an  overlap  or  reversed 
fault  when  the  arch  gives  way,  or  it  is  evident  that  the  matter  ma^ 
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be  complicated  by  n  loual  iipb<?&vnl  of  sonien'hat  LorixonUl  alnli 
intoacurve  or  arch;  that  theu,  while  still  upheaved  and  vodifilea^ 
lat^rnlly,  a  subBideiioe  may  take  place  towards  the  crown  only  ottLt 
arch,  lettinf^  down  the  keystone,  so  to  speak,  aa  a  '  tnnij^b '  hull; 
then,  on  an  extension  of  the  Bame  Bubsideiice  over  a  larger  area,  tha 
arch,  being  keyed  up  afresh  by  the  ooeurrence  of  tlie  trocgb  tsnlt. 
can  only  give  way  by  niplure  of  the  nature  of  an  overlap  or  reversed 
fanlt.  These  overlaps  are  sometimes  on  a  considerable  s^ale.  Within 
a  few  miles  of  tbe  place  whence  I  write,  there  is  a  well-defined  and 
proved  and,  M  it  happens,  easily  measiireil  fanlt  of  thiii  kind,  ia 
which  the  amount  of  movement  is  no  less  than  101  fathoms  mea- 
sured in  the  plane  of  the  fault,  tbe  atnoimt  of  throw  being  ««veDtj- 
four  fattioma  vertical,  and  about  sixty-nine  fathoms  borizuntal.  The 
hade  of  this  fault  is  very  nearly  the  same  aa  Mr.  Hebert'e  experi- 
mental ones,  being  47^.  I  would  also  call  attention  to  the  fact  tbtt 
the  domuaard  vertical  pressure  P  (vide  his  diagram)  can  in  no  ca«e 
exceed  the  actual  simple  weight  of  the  mass  above  the  fault,  and 
that  in  actual  nature  it  is  impossible  {vide  Fig.  2]  for  the  left-hand 
portion  to  subside  unleas  there  be  room  for  it  to  subside  into.  Tbis 
room  can,  generally  speaking,  only  be  got  by  the  horizoatiJ 
aeparalion  of  tbe  masses  on  both  sides  of  the  portion  subsiding.  It 
would  thus  appear  probable  that  all  direct  faults  are  of  the  natitra 
of  trough  faults,  that  is  to  say,  that  either  near  or  far  oS  there  lb  a 
somewhat  parallel  fault  with  an  opposite  hade,  oontemporaneoos  M 
to  date  of  occurrence,  and  that  this  pair  of  faults  meet  sooner  or 
later  in  depth.  I  would  thus  suggest  that  in  the  case  of  direct 
faults  Mr.  Uebert  sbouid  in  his  inference  substitute  hoi-ieontal 
teneian  for  vertical  pressure  (which  is  a  secondary  ei&ct),  and  ibtt 
tbe  rule  sbonld  be  stated  thus: — direct  faults  are  indicative  of 
horizontal  tension,  reversed  faults  of  horizontal  pressure. 

Bton  EAaTo>-,  icEAH  Bath.  H.  £.  H, 

PROF.  MANTOVANI  AND  THE  ■MIOLITHIC'  PERIOD. 
Sib, — Prof.  Blantovani,  in  your  Inet  issue,  proposes  the  tem 
"Miolithic"  for  a  periLid  interniodiato  between  the  Palwolithie 
And  Ibe  XeolitJiic.  The  leTui  appears  to  be  formcil  u[>un  the 
"  Miocene  "  of  Lyell,  which,  of  course,  does  not  mean  Middle 
Tertiary.  Should  the  Italian  Professor  establish  liis  new  period, 
be  would  more  appropriately  substitute  "  Mesolithio "  for  •'  Mio- 
lithic." It  is  to  he  presumed  ho  uses  his  terms  in  a  purely  local 
sense,  for  his  Italian  Miolithic  age  is  represented  as  being  con- 
temporaneons  with  an  age  which  produced  "  beautiful  ves^els  of 
perfect  work,  resembling  those  of  the  ancient  Etruscans,"  and  was, 
therefore,  ptohably  post-lithic.  Tbe  teachers  of  our  science  should 
not  forget,  for  the  sake  of  beginners,  that  the  words  "  Palfeolithic," 
"  Neolithic,"  etc.,  represent,  not  absolute  epochs  of  time,  hut  slagM 
in  human  development.  Charles  Callaway, 

WiLUMOToy,  Salop, 

Oct-Uh,  mi.' 
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I. — On  thb  Oooubrbnob  of  Chalk  in  the  New  Britain  Group. 

Bt     PaOFBSSOB     LlTBBSIDOB,     EtC,    EtC, 

University  of  Sydney. 
(Bead  before  the  Royal  Society  of  New  South  Wales,  July  4,  1877.) 

rthe  following  brief  notice  it  is  my  wish  to  communicate  to  the 
Society  a  description  of  the  physical  properties  and  chemical 
composition  of  one  of  the  geological  specimens  recently  brought 
from  the  above  group  of  islands. 

The  specimen  which  I  now  have  the  honour  to  lay  before  you  is 
not  only  interesting  in  itself,  as  an  example  of  what  is  known  as  an 
organically  formed  rock,  since  it  is  built  up  almost  entirely  of  the 
calcareous  skeletal  remains  of  organic  forms;' but  it  is  interesting 
in  a  still  higher  degree,  as  it  apparently  indicates  that  a  most  impor- 
tant geological  discovery  has  been  made  of  the  presence  of  chalk  in 
a  hitherto  unknown,  and  even  unsuspected,  locality. 

In  October  last,  the  Rev.  G.  Brown,  Wesleyan  missionary, 
brought  amongst  other  specimens  from  New  Britain  and  New  Ire- 
land (New  Britain  Group,  latitude  4°  S.,  and  160°  E.  longitude) 
certain  grotesque  figures  of  men  and  animals,  which  had  been 
carved  by  the  natives  of  the  above  islands  out  of  a  soft  white  some- 
what pulverulent  material,  having  much  the  appearance  of  plaster 
of  paris  or  chalk.  Some  of  these  figures  were  deposited  in  the 
Museum,  and  a  fragment  broken  off  from  one  of  them  was  placed  in 
my  hands  for  identification. 

On  examination  the  remains  of  numerous  Foraminifera  are  at  once 
detected,  the  forms  of  the  larger  ones  being  plainly  visible,  even  to 
the  unaided  eye ;  under  the  microscope  the  whole  mass  of  the  rock 
is  seen  to  be  almost  entirely  composed  of  the  shells  and  fragments 
of  shells  of  Foraminifera,  the  remains  of  OlobigerituB  being  most 
abundant.  To  obtain  the  shells  of  the  For&minifera  tree  from  the 
cementing  calcareous  matter,  it  is  only  necessary  to  gently  rub  the 
surface  of  the  specimen  with  a  soft  tooth  or  nail  brush  under  a  stream 
of  water,  when  the  whole  surface  of  the  fragment  submitted  to  the 
operation  speedily  becomes  studded  with  the  minute  shells  and  frag- 
ments of  shells  of  Foraminifera,  now  left  standing  out  in  relief.  To 
free  the  Foraminifera  perfectly  from  the  accompanying  powder,  it  is 
sufficient  to  dry  the  collected  debris  and  to  place  it  upon  the  surface 
of  some  clean  water  contained  in  a  glass  beaker  or  other  vessel;  the 
larger  or  more  cavernous  Foraminifera  float  on  the  surface  of  the  water, 
while  the  broken  fragments,  much  of  the  amorphous  powder,  and  many 
of  the  denser  Foraminifera,  are  deposited  at  the  bottom  of  the  vessel 
as  a  sediment.  The  very  light,  and  finely  divided  parts  are  got  rid  of 
by   decanting  the  milky  supernatant  liquid.     In  the  sediment  the 

DBCADB  H. — ^VOL.  IV.— NO.  XU.  ^V 


Frof.  Litersidge — Chatk  in  New  Britnin. 


microwope  rereala  the  preaence  of  the  smaller  Fomminifera,  of  »frt 
sponge  Gpieulee,  itDd  minute  grsins  of  what  are  erideatly  siliutviuud 
igDboua  rock. 

The  further  examioBtioTi  showed  that  the  material  is  limestoiK. 
having  a  vety  close  resemhlance  Iq  chalk,  both  in  chemical  cnmpotaliM 
and  in  phyeical  properties ;  in  colour  it  ia  not  the  dazzling  while  ■£. 
some  chalk,  but  bears  a  closer  resemblance  to  the  light  grey  varirti*?. 
Although  it  is  eescntially  composed  of  carbonate  of  lime,  still  il  v 
not  perfectly  pure;  there  are  certain  impurities  preeent  ic  the  fonniC 
alumina,  iron,  silica,  manganese,  etc.;  but  refercDce  will  again  U 
mude  to  Ihis  question  later  on. 

To  SKertnin  whether  my  supposition  that  the  rock  might  he  regarded 
as  chalk  and  not  merely  as  a  soft,  white  friable  recent  limestone,  M  u 
a  deposit  such  as  is  now  forming  over  parts  of  the  beds  of  the  Atlaatie 
and  Pacific  Oceans,  I  took  an  early  opportunity,  when  writing,  tci 
inclose  a  portion  of  the  material  to  Mr.  H.  E.  Brady,  F.R.S.,  of 
KewcHstle-on-Tyne,  who  has  devoted  himstilf  to  the  study  of  ForMOtni- 
ferous  deposits,  and  I  have  since  received  a  reply  from  him,  in  whicli 
he  snys : — 

"  First,  let  me  speak  of  your  chalk  from  the  New  Britain  Gronp.  1 
suppose  you  have  ascertained  that  it  is  a  Cretaceous  chalk  and  aol  i 
friable  Tertiary  limestone.  All  the  Foruminifera,  or  ne-arly  so,  ar? 
South  Pacific  recent  pelagic  and  deep-sea  species,  Gluhigerma  iidioiiii, 
Gl.  injhta,  Ptdvinulina  Jlfnardii  (a  thick  variety  which  I  do  not  thiat 
is  yet  named),  P.  Mkhiliniamt,  and  probably  P.  JTarslmi,  PiJltnit 
sphitroiden,  Nonionina  umliUcatula,  Bulimina  Bvehiana,  fragments  of 
Bfntilhiii,  Ucigerina,  etc.  Also  a  characteristic  Pulrinitlina,  with 
thick  shell  and  honeycombed  surface,  not  yet  described,  of  whicji  I 
have  quantities  in  the  '  Challenger '  material." 

In  answer  to  a  question  as  to  the  locality  and  mode  of  oecurrence  of 
the  miiterial  used  for  the  carvings,  the  Rev.  G.  Brown  wrote  to  me  aa 
follows  : — "  The  chalk  of  which  the  figures  are  formed  is,  I  am  in- 
formed, only  found  on  the  beach  after  an  earthquake,  being  cast  up 
there  in  large  pieces  by  the  tidal  wave.  It  ia  only  found,  aa  far  as  we 
know  at  present,  in  one  district  on  the  east  side  of  New  Ireland." 

We  have  now  to  consider  its  chemical  composition  in  somewhat 
closer  detail,  and  to  compare  the  results  furnished  by  analysis  with 
those  yielded  by  specimens  of  typical  or  true  chalk. 

Chemical  Compotition  of  vpicimen  from  New  Ireland. 

Hvp-oscopic  moisture,  U.  water  driven  aS  at  100'  C 1-202 

Carbonic  anhydride    36-337 

Iron  aesqiuoiido 1-697 

Alumino      ...     3-131 

Silica 7-933 

I'hoepharic  acid Hinnte  trace 

Manganese  protoxide -623 

MttKnesia    -476 
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The  specific  gravity  was  taken  from  a  mass  weighing  about 
78  grammes,  which  was  allowed  to  soak  in  water  for  about  one  hour 
and  a  half,  in  fact  until  all  air-bubbles  ceased  to  be  eyolved ;  a  small 
quantity  of  the  block  scaled  off  when  immersed  in  the  water — a 
eorrection  for  which  had  to  be  made. 

The  above  iSgures  show  that  in  round  numbers  about  81  per  cent. 
of  the  specimen  consists  of  calcium  carbonate ;  thus  it  is  undoubtedly 
a  tar  less  pure  limestone  than  the  ordinary  white  chalk,  as  the  follow- 
ing figures  indicate. 

Chimical  Composition  of  Chalk. 

A  specimen  of  chalk,  from  near  Gravesend,  which  was  analysed  by 

Mr.  W.  J.  Ward,  yielded  the  following  results : — 

Calcimn  carbonate       98*52 

Magnesinm  carbonate *29 

Calcium  sulphate *14 

Manganese  binoxide    •     ...    ...     *04 

Phosphoric  acid   ...     •••     ...     »    tracee 

Urganic  matter    ...     ...     ...     .••    ...     «••     ...     ..«     ..•  ~~~ 

Insoluble  matter,  chiefly  BiUca *65 

99-64 


Mr.  David  Forbes,  F.B.S.,  also  examined  some  specimens  of  chalk, 
the  analyses  of  which  are  here  cited;  the  first  analysis  shows  the  com- 
position of  a  piece  of  white  chalk  from  Shoreham,  in  Sussex ;  and  the 
second  of  a  piece  of  grey  chalk  from  Folkestone. 

White  chalk.    Grey  chalk. 


Calcium  carbonate  ... 

•  •• 

•  •• 

•  •• 

•  •• 

...     98-40 

.•• 

9409 

Magnesium  carbonate 

•  •• 

•  •• 

•  •  • 

•  •  • 

•08 

... 

•31 

Phosphoric  acid    \ 
Alumina  and  loss  ]'*' 

•  •• 

•  •• 

•  •• 

•  •  • 

•42 

•  •• 

tntce 

Sodium  chloride 

•  •• 

•  •  • 

•  •  • 

•  •• 

•  ••                   ^'^ 

..• 

1-29 

Water      

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•••                   ^^* 

... 

•70 

Insoluble  rock  debris 

•  •• 

•  •  • 

•  •• 

•  •  • 

...       110 

... 

3-61 

100-00 

10000 

(Vide  '^Geology  of  England  and  Wales,"  by  H.  B.  Woodward,  p.  239.) 

Another  sample  of  chalk  obtained  from  a  well  at  Driffield  was  found 

by  Mr.  T.  Hodgson  to  have  the  following  composition : — 

Moisture       ...     ...     ...     ...     ..«     ...     ,.,     .,,     ...     ...  o'20 

Calcium  carbonate       93-30 

Magnesium  carbonate -IS 

Iron  sesquioxide  and  alumina     -20 

OlUCtt  ...  ...  ...  ...         .««  ...  ...  ...  ,.a  .,0  ...  X'lO 


100-00 


It  is,  however,  far  less  impure  than  the  "  chalk  mud  "  of  the 
Atlantic,  for  the  analysis  quoted  by  Professor  Sir  Charles  Wyville 
Thomson,  F.R.S.,  in  his  **  Depths  of  the  Sea,"  p.  469,  shows  that  the 
''chalk  mud  "  contains  merely  some  60  per  cent,  of  calcium  carbonate, 
and  with  as  much  as  from  20  to  30  per  cent,  of  silica,  and  varying 
proportions  of  alumina,  magnesia,  iron,  and  other  substances.  The  same 
author  mentions  that  the  t3rpical  chalk  is  free  from  sil^pa,  and  so  it 
would  appear  to  be  fr^m  the  above-quoted  analyses ;  but  the  *^  insoluble 
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rock  debris"  mentioned  by  the  late  talented  Bayid  Porbes,  F.K.S^ 
probably  consisted  largely  of  silica. 

The  only  locality  for  chalk  in  the  Pacific  Islands  to  which  I  can  find 
any  reference  occurs  in  Dana's  work  on  V  Corals  and  Ck>ral  Islands,'' 
see  p.  308.  But  this  even  is  not  tme  chalk ;  it  is  merely  a  recrnt 
limestone  derived  from  disintegrated  corals,  and  which  resembles  chalk. 

''  The  formation  of  chalk  from  coral  is  known  to  be  exemplified  at 
only  one  spot  among  the  reefs  of  the  Pacific. 

''The  coral  mud  often  looks  as  if  it  might  be  a  fit  material  for  hx 
production  ;  moreover,  when  simply  dried,  it  has  much  the  appearance 
of  chalk,  a  fact  pointed  out  by  Lieutenant  Nelson  in  his  memoir  on  tbe 
Bermudas  (1834),  and  also  by  Mr.  Darwin,  and  suggested  to  the  author 
by  the  mud  in  the  lagoon  of  Honden  Island.  Still  this  does  not  explain 
the  origin  of  chalk,  for,  under  all  ordinary  circumstances,  this  mud 
solidifies  into  compact  limestone  instead  of  chalk,  a  result  which  woald 
be  naturally  expected.  What  condition  then  is  necessary  to  vary  the 
result,  and  set  aside  the  ordinary  process  ? 

**  The  only  locality  for  chalk  among  the  reefs  of  the  Pacific,  referred 
to  above,  was  not  found  on  any  of  the  coral  islands,  but  in  the  elevated 
reef  of  Oahu,  near  Honolulu,  of  which  reef  it  forms  a  constitaent 
part.     It  is  twenty  or  thirty  feet  in  extent,  and  eight  or  ten  feet  deep. 

''The  rock  could  not  be  distinguished  from  much  of  the  chalk  of 
England ;  it  is  equally  fine  and  even  in  its  texture,  as  earthy  in  its 
fracture,  and  so  soft  as  to  be  used  on  the  blackboard  in  the  native 
schools. 

"Some  imbedded  Rhells  look  precisely  like  chalk  fossils.  It  con- 
tained, according  to  Professor  Silliinan,  92-80  per  cent,  of  carbonate  of 
lime,  2 "38  of  carbonate  of  magnesia,  besides  some  alumina,  oxide  of 
iron,  silica,  etc. 

*'  The  locality  is  situated  on  the  shores,  quite  above  high-tide  level, 
near  the  foot  of  Diamond  Hill.  This  liill  is  an  extinct  tufa  coue, 
nearly  700  feet  in  height,  rising  from  the  water's  edge,  and  in  it> 
origin  it  must  have  been  partly  submarine.  It  is  one  of  the  lat^^r.il 
cones  of  Eastern  Oahu,  and  was  thrown  up  at  the  time  of  an  eruption 
through  a  fissure,  the  lava  of  which  appears  at  the  base.  There  was 
some  coral  on  the  shores  when  the  eruption  took  place,  as  is  evident 
from  imbedded  fragments  in  the  tufa;  but  the  reef  containing  the 
chalk  appeared  to  have  been  subsequent  in  formation,  and  afibrded  no 
certain  proof  of  any  connexion  between  the  fires  of  the  mountain  and 
the  formation  of  the  chalk. 

**  The  fine  earthy  texture  of  the  material  is  evidence  that  the  deposit 
was  not  a  subaerial  sta-shore  accumulation,  since  only  sandstones  and 
conglomerates,  with  rare  instances  of  more  compact  rocks,  are  thus 
formed.  Sand-rock  making  is  the  peculiar  prerogative,  the  world  over. 
of  shores  exposed  to  waves,  or  strong  currents,  either  of  marine  or  of 
fresh  water.  We  should  infer,  therefore,  that  the  accumulation  was 
produced  either  in  a  confined  area,  into  which  the  fine  material  from  a 
beach  may  have  been  washed,  or  on  the  shore  of  a  shallow  quiet  sea — 
in  other  words,  under  the  same  conditions  nearly  as  are  required  to 
produce  the  calcareous  mud  of  the  coral  island.  But,  although  the 
agency  ol  fire  in  the  result  cannot  be  proved,  it  is  by  no  meiins  im- 
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probable,  from  the  position  of  the  bed  of  chalk,  that  there  may  have 
been  a  hot  spring  at  the  spot  occupied  by  it. 

''  That  there  were  some  peculiar  circumstances  distinguishing  this 
&om  other  parts  of  the  reef,  is  evident. 

"  This,  if  a  true  conclusion,  is  to  be  taken,  however,  only  as  one 
method  by  which  chalk  may  be  made.  For  there  is  no  reason  to 
suppose  that  the  chalk  of  the  chalk  formation  has  been  subjected  to 
heat.  On  the  contrary,  it  is  now  well  ascertained  that  it  is  of  cold- 
water  origin,  even  to  its  flints,  and  that  it  is  made  up  largely  of  minute 
Foraminifera,  the  shells  of  Rhizopods, 

**  Professor  Bailey  found  under  his  microscope  no  traces  of  Forami- 
nifera, or  of  anything  distinctly  organic,  in  the  chalk." 

The  entire  absence  of  any  remains  of  Foraminifera  must,  I  venture 
to  think,  completely  destroy  any  claim  for  the  Oahu  limestone  to  be 
regarded  as  chalk  proper.  Neither  can  the  Atlantic  ooze,  rich  though 
it  be  in  coccoliths  and  the  shells  of  Foraminifera,  be  regarded  as  chalk. 
It  is  true  that  it  may  in  future  geological  ages  fulfil  Prof.  Sir  C.  Wy  ville 
Thomson's  prediction  and  become  such,  but  even  of  that  we  cannot  be 
certain.  At  present  it  is  a  soft  calcareous  mud,  and  a  very  impure  one. 
When  consolidated  and  converted  into  dry  land,  instead  of  forming  a 
brilliant  white  chalk  limestone,  a  hard  compact  argillaceous  or  siliceous 
slaty  limestone  may  be  the  result.  The  true  white  chalk  so  familiar 
to  Englishmen  is  found  over  an  area  extending  from  the  southern  part 
of  Sweden  to  Bordeaux,  a  distance  in  round  numbers  of  850  miles, 
and  again  from  the  northern  part  of  Ireland  to  the  Crimea,  i,e,  about 
11 40  miles.  I  am,  of  course,  referring  to  the  extent  merely  of  the 
soft  white  limestone  known  emphatically  as  chalk,  not  to  the  areas 
occupied  by  that  great  variety  of  rocks  which  are  classed  with  the 
chalk,  and  which  are  collectively  known  as  the  rocks  of  the  Chalk 
or  Cretaceous  period,  from  the  fact  that  they  contain  certain  fossils  in 
common. 

Eocks  belonging  to  the  Chalk  or  Cretaceous  period  have  a  very  wide 
distribution,  being  found  in  Europe,  Asia,  Africa,  America,  and  in 
Australia  from  Western  Australia  to  Queensland,  and  New  Zealand. 
It  may,  perhaps,  be  mentioned  as  an  argument  in  favour  of  the 
probability  of  the  New  Ireland  limestone  being  properly  regarded  as  of 
Cretaceous  age,  that  we  have  Cretaceous  rocks  in  Queendand  as  far 
north  as  11°  S.,  and  in  New  Guinea,  still  nearer  to  New  Ireland,  we 
have  rocks  which  undoubtedly  belong  to  the  Mesozoio  or  Secondary 
period,  for  amongst  the  geological  specimens  brought  by  Signer 
D'Albe'rtis  from  the  Fly  Biver,  and  submitted  to  me  for  examination, 
there  were  Belemnites,  an  Ammonite  (this  Ammonite  bears  a  very  close 
resemblance  to  a  Liassic  torm),  and  other  fossils,  such  as  teeth  of  Carcha- 
rodon  and  shells  of  PecUnj  all  of  which  may  or  may  not  belong  to  the 
Cretaceous  age.  It  would  be  by  no  means  a  startling  thing  to  find  that  these 
Secondary  beds  had  an  extension  to  the  New  Britain  group  of  islands, 
a  distance  of  only  a  few  hundred  miles,  which  would  comprise  an  area 
by  no  means  equal  to  the  extent  of  country  occupied  in  Europe  by  the 
typical  white  chalk.  It  should,  however,  be  mentioned  that  no  true 
white  chalk  has  yet  been  found  either  in  Queensland  or  in  New  Guinea. 
In   conclusion,  it  may  be  stated  that  the   principal   reaaona  in. 
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favour  of  the  rock  being  regnrded  as  elinlk  are  timt  phTBcaUyiti* 
almost  in  distinguish  able  from  most  typical  specimens  of  that  rock,  ui 
that  it  baa  had  the  same  organic  origin ;  tbo  Foramiaifera  alone  ate  not, 
unfortunately,  sufflcieut  to  rigidly  determine  the  geologionl  nge  of  Uk 
rook,  because  they  are  types  which  have  been  persiBtenl  from  Ha 
Cretaceous  period  to  tho  present  time. 


H- 


— SnPPI.»MKSTABy  NOTB   OS  THE  FORAMTHIFKBA  OF  TBK  COUA^ 

or  THE  New  Bbitais  Gkoup. 
Bj  HiMur  B.  Br;Ioy,  F.H.8,,  Etc.,  Etc. 

SINCK  writing  the  letter  quoted  in  the  foregoiDg  ooiun)tiiiieali<iB 
by  my  friend  Prof.  Liversjdge,  I  have  bad  the  opportunity  d 
examining  a  larger  fragment  of  the  calcareous  rook  to  which  il 
refers,  and  am  thereby  enabled  to  add  somewhat,  not  merely  to  tb* 
lint  of  Foraminifera  which  it  contains,  but  also  to  tlie  general  con- 
clusions to  be  drawn  from  it.  The  lithological  charact«re  of  th« 
rock  are,  aa  Prof.  Liveraidge  has  stated,  precisely  those  of  nusj 
specimens  of  white  chalk,  but  it  is  seldom  that  a  Cretaceous  minenl 
ia  BO  entirely  oompoBed  of  the  recognizable  remains  of  microaoa,  and 
it  ia  atill  more  rarely  that  a  geological  deposit  oociira,  for  which  so 
exact  a  counterpart  in  process  of  formation  can  be  indicated.  Under 
these  circumstances  some  further  remarks  on  the  Bubject  may  not  b« 
without  interest. 

The  following  is  a  revised  list  of  the  Foraminifera.  with  notes 
appended  ooncerning  a  few  of  the  less  generally  undertilood  species  i 

Okbigerina  Mlotdii,  d'Orbignj. 

infala,  d'Orbiarij-. 

BuUrtrei,  d'Orbignj. 

(Or*i(/iwn)iiii.PBr«B,d'(MB(ij 

Sphtrroidina  buiitdaea,  d'Orbignj. 

deiiittti,  Parker  and  Judh. 

ralvt'iiiiinii  Mmardii,  d'Orbignj. 


ta,  Coata. 
Lagma  marginatii,  Montagu. 

tori).  Montagu. 

tpieulala,  fleuaa. 

aipera,  Reiisa. 

Ihnlaliim  brmu,  d'Orbignj. 

««»fniiiiii,  d'Orbignj. 

tiliqutitriala,  Reaa, 

rn^utufma  Itgumen,  Iinn£. 
Vrigerina  atptrula,  Cij»ek. 
Halimma  Buehiana,  d'Orbignj. 
CkMbAi^na  crtum,  d'Orbieiij. 
Gaudryiiui  pupoidoiHOnrigaj. 
I'ulitnia  tpharouitt,  d'Orbignj. 


pavptraia,  Park«r  «nd  JaMfc 

Satalia  SeUanii,  d'Urbieny. 

■  ptmfiliaUa,  Fiohtel  ud  HoU. 


This  category,  though  considerably  extended,  by  no  means  ex- 
bansts  the  material,  for  it  contains,  in  addition,  certain  spedei  of 
Flanorhvlina  and  Trvneatvlina,  whioh  I  have  not  as  yet  been  able 
to  identify,  besides  fragments  of  Nodosarians,  and  some  other  obscure 
organisms. 

Spiroloealma  edata,  Costa.— This  name  is  adopted  in  the  absence 
of  a  better  for  a  speoiee  not  uncommon  in  deep-water  dredging!, 
both  from  the  Atlantic  and  the  Pacific.  The  test  is  composed  of  a 
uniform  very  fi.ne  sand,  without  any  basis  of  calcareoua  shell ;  the 
sutures  are  scarcely  discernible  on  the  exterior ;  tlie  aperture  sma)l 
"ud  obscure,  aometimea  Oi^'gKcciWA^  yianting.    It  differs  from  the 
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QainqwHoexiina  aggltUinana  of  d'Orbigny  both  in  shell-texture  and  in 
general  contour.  The  late  Professor  Costa  figures  sugh  a  form 
(Paleont  deL  Regno  di  Napoli,  pt.  2,  pi.  26,  fig.  o),  though  in  some- 
inrhat  clumsy  fashion,  under  the  name  above  employed. 

Lagena  marginata, — Two  or  three  pretty  distinct  forms  are  in- 
cluded under  this  specific  name.  The  varieties  of  L,  marginata 
have  not  as  yet  been  sufficiently  worked  out. 

Glohigerina  saccviifera^  nov. — ^This  is  a  somewhat  important  modi- 
fication of  the  Globigerine  type,  and  one  that  appears  cdmost  to  have 
escaped  attention  hitherto.  Dr.  Carpenter  figures  a  poor  specimen 
('  Introduction,'  pi.  12,  fig.  11)  under  the  name  Olohigerina  hdicina, 
d'Orb.,  but  the  figures  in  Soldani's  *  Testaceographia,'  on  which 
d'Orbigny  founded  that  species,  pertain  to  a  very  different  form,  the 
name  for  which  cannot  be  spared.  Reserving  details  respecting 
the  subordinate  groups  into  which  the  genus  may  be  divided  for 
another  opportunity,  it  will  suffice  to  state  here  that  the  trivial  name 
sacctdifera  has  been  applied  to  a  set  of  Olohigerina,  in  which  the 
terminal  chamber  or  chambers  take  an  elongate,  pouch-shaped  and 
usually  pointed  contour,  and  always  present  at  least  one  large 
aperture  on  the  superior  or  spiral  surface.  Such  forms  are  common 
and  grow  to  considerable  size,  especially  in  deep  water  south  of 
the  Equator. 

Pulvinulina  Menardii,  var.  tumida,  nov. — A  thick,  oblong  modifica- 
tion of  P.  Menardiif  d'Orb.  The  superior  surface  is  subconical,  the 
inferior  strongly  convex.  There  seems  to  be  no  satisfactory  descrip- 
tion or  figure  of  this  variety,  though  the  dead  shells  are  common, 
and  of  large  size,  in  many  deep-sea  dredgings. 

Pulvintdinafavtu,  nov.,  is  a  somewhat  remarkable  species.  When 
fully  grown,  the  test  is  lenticular,  and  nearly  symmetrically  bi- 
convex, and  the  surface,  excepji  around  the  aperture,  which  is  oblique, 
and  peripheral,  is  covered  with  a  raised  reticulate  ornamentation. 
The  spiiul  structure  is  entirely  concealed  by  the  exogenous  honey- 
comb-like shelly  deposit  Young  specimens  are  relatively  much 
thicker  than  adults,  and  have  the  margin  blunt  or  rounded. 

Comparing  the  Bhizopod  fauna  characterized  by  the  species  above 
enumerated  with  what  we  know  of  the  accumulations  at  present 
going  on  at  the  sea-bottom  in  various  parts  of  the  globe,  it  is  not 
difficult  to  indicate  recent  deposits  at  depths  of  1400  fathoms  and 
upwards  in  either  the  Atlantic  or  the  Pacific  having  the  same 
general  characters  in  their  organic  constituents.  There  is,  however, 
one  species,  Pulvinulina  favus,  which  sei-ves  to  limit  the  area  of  com- 
parison. A  cursory  examination  of  the  rough  notes  upon  about  a 
hundred  and  fifty  soundings  from  the  "  Challenger "  and  '*  Porcu- 
pine "  expeditions  has  only  furnished  six  localities  at  which  this 
form  occurs,  and  these  are  all  of  them  between  Stations  271  and  802 
of  the  "  Challenger  *'  series,  that  is,  from  just  on  the  Equator  in  the 
middle  of  the  Pacific,  on  a  course  direct  south  and  then  east,  to  a 
point  off  the  South  American  coast,  lat  42^  43'  S.,  long.  82^  11'  W., 
the  depths  varying  from  1875  faths.  to  2485  faths.     Upon  closer 
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cnnipnrisnn  it  is  nntice&ble  that  the  soimdings  obtained  from  tba 
nrcfi  also  reseinble  tbo  rock  under  examination  in  the  comparwiw 
rnrity  oF  I'uhinuUnn  Micheliniana,  one  of  the  commoaest  of  Atkntie 
F<)ramiii;r*.'rt.  and  in  the  eakrcity  of  the  arenaoeoiis  types.  Bat  littli 
1 .11"  w  i~  iak<'ii,  in  thi:  [iriMsess  iif  wnsbing,  to  preserve  the  Radiohiiii, 
I..-    -  ■  'i  .1-  i.ri]  lin  ore  of  the  Bume  species  as  thosfl  of  the  lineof 

]-.)  <'>>iM-lii~i<<ii,  it  appears  to  me  not  too  ronch  to  sa;  that  altec 
di,-irLtfyritiiiii  ami  wasliiiig  tliia  "Chalk"  from  the  New  BrituD 
Croup  could  not  jKiBHilily  he  dietini^iehed  by  ita  ethnic  renmim 
from  a\va«lit-il  Gli^igeriua-otiTO  dredged  in  1500  to  2500  fathotua 
in  the  Soulli  Pacifia.  The  determination  of  the  exact  gcolo^cftl  ag« 
is  a  matter  for  geologists ;  my  obgervatioOR  have  necessarily  been 
limited  to  the  physical  cbiiracterB  and  the  organic  conatituents  of 
tlic  specimen  placed  in  my  hanJa  by  Prof.  Liversidge,  but  it  appean 
\i  irib  nm -Muring  whether  the  rock  may  not  bo  part  of  a  recent  sea- 
li.ii.ii.i  ivliii  li  Ija?  licen  distributed  by  voloanio  or  other  agency. 

^iii  li  ill  pir-ii,H  may  bo  very  old  chronologically  speaking,  and  we 
l.niiu  liy  ihi  lifting  experience  that  they  do  olWn  become  very  h»rd 
iind  ccmpac'l:  even  comparatively  near  the  shore.    Mr.  Brown's  letter,    \ 
i^iioted  above,  providea  us  with  the  required  disint«grating  force.  | 


I. — Ambrican  "  Sl'rface  Geoloqv,"  asd  its  Rei 
With  somb  Hemarks  on  the  Glacial  Conditions  is  Baninr, 
Esr'G'-rAi.Lv  IS  llBFBitENCE  TO  THB  "  Gbeat  Ick  Aoe  "  Of  !£». 
Jamb^  Oeikik. 
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(such,  I  sappose,  as  that  which  blocked  out  the  sea  from  the  lake- 
basin  during  the  depression  which  gave  rise  to  the  marine  clays  of 
the  Lower  St.  Lawrence),  or  by  the  catting  away  of  barriers  of 
drift,  or  even,  he  adds,  by  the  "  warping  of  the  earth's  crust"  It 
does  not  appear  that  any  of  these  terraces,  though  possessing  great 
oonstancy  of  level,  present  such  visible  regularity  as  the  well-known 
roads  of  Glenroy ;  but  if,  as  is  the  more  probable,  the  shrinkage  of 
the  lake-basin  was  due  to  the  removal  of  an  ice-dam,  their  origin 
would  seem  to  be  identical  with  that  to  which  the  inclination  of 
modem  opinion  refers  these  roads. 

A  very  interesting  feature  in  the  geology  of  the  lake  region 
oonsists  in  the  buried  channels  now  filled  with  and  concealed  by 
JDrift.  Some  of  these  form  the  waste  weirs  just  referred  to,  but 
they  occur  also  at  various  lower  levels,  even  to  levels  beneath  those 
of  the  existing  lakes ;  so  that  if  opened  again  great  modifications 
'would  take  place  in  the  hydrographical  conditions  of  the  St.  Law- 
rence basin ;  and  indeed  Prof.  Newberry  ventures  to  assert  that 
buiied  channels  of  communication  .exist  between  Lake  Erie  and 
Iiake  Ontario.  If  such  exist,  then,  of  course,  Niagara  could  by 
their  opening  be  laid  dry,  and  he  dwells  on  the  practical  service  to 
which  the  various  buried  channels  might  be  turned  for  engineering 
purposes.  He  also  insists  on  the  soundness  of  the  rock-basin 
erosion  theory  as  applied  to  the  entire  valley  of  the  St.  Lawrence. 
This  valley  he  describes  as  having  been  prior  to  the  Glacial  period, 
and  when  the  elevation  of  that  part  of  the  North  American  con- 
tinent was  considerably  greater  than  now,  the  valley  of  a  river- 
system  which  flowed  at  much  lower  levels  than  at  present ;  and 
which,  instead  of  reaching  the  Atlantic  as  it  now  does  by  way  of 
the  Gulf  of  St.  Lawrence,  flowed  between  the  Adirondack  and 
Appalachian  mountains,  in  the  line  of  one  of  these  buried  channels, 
passing  through  the  trough  of  the  Hudson  River,  and  emptying 
into  the  Atlantic  about  eighty  miles  south-east  of  New  York.  At 
this  time,  according  to  the  Professor,  that  part  of  the  St.  Lawrence 
valley  which  is  now  formed  by  the  basins  of  Lakes  Michigan  and 
Superior  formed  no  part  of  the  river-system  to  which  they  now 
belong,  but  part  of  a  separate  river-system  emptying  itself  into  the 
Mississippi,  the  Straits  of  Mackinau  not  being  then  opened ;  and  it 
is  to  the  erosive  action  of  the  glacier- ice,  which  during  the  Glacial 
period  crept  down  from  the  Laurentian  highlands  of  Canada,  and 
filled  these  pre-existing  valley  systems,  that  he  attributes  their 
excavation  and  conversion  into  the  one  great  basin  which  now 
receives  so  large  a  part  of  the  drainage  of  North  America,  and  is 
referred  to  under  the  name  of  the  lake-basin,  or  basin  of  the  St. 
Lawrence. 

Assuming  that  my  suggestions  as  to  the  period  and  mode  of 
origin  of  the  Ohio  Eskers  have  some  good  foundation,  I  propose, 
subject  to  the  qualifying  observations  applied  to  each  case,  to 
suggest  certain  synchronisms  between  the  Glacial  and  post- Glacial 
phenomena  of  the  St  Lawrence  basin  and  those  of  Britain,  according 
to  the  view  of  the  English  beds  to  which  their  study  has  led  me. 


.0-33     .S-,  r.  Woo'l,jnn.—A 
As 


andSritish  Surfaee-Qeohgy. 


lireliiiiinary,  however,  it  may  be  well,  for  eli 
■ccajiitulfile  in  iheir  descending  order,  from  tbe  newest  to  the  oldert, 
dcpoeitB  of  ihe  St.  Lawrence  basin,  with  §ucli  alteradons  in 

;■  reliilive  nges  as  I  have 


■^  (bi-Us  No.  4),  uid  the  Esken  tuA  E 


Til.'  (■■..II  ~i  .■.iiri..n.  iV.-,ling  on  the  Erie  Qay  (bed  No.  2). 
Tlu'  Kru'Diiv  (lu'il  N'li.  J]  which  cnmmcnred  mtli  the  foimstioii  of  Etknoi 
Kiiiiio  i.H  ihi-  Dhiu  wuter-partuig  (t>ed»  So.  3i). 
A]i[iroadiiiig  iheu  the   examination  in  detail    of  the  condition 
mlei-  which  we  may  seek  to  find  groHnda  of  eynchroniam  betweeo 
tlie  Amcricin  and  English  series,  we  have  first  the  oldest  memben 
(he  Bcries  of  ench  country  to  examine;  and  therefore,  but  witbont 
;!^'eisliiig  nuy  Kyiicbronisiu  between  tbem  by  bo  doing,  I  plan 
them  niile  by  .side,  viz. : 


Endlish. 


St.  'Li.-wxKSCt  Sua*. 


littnra]  and  MtDBrine  deposit 

'  Vtilli'v  bt'iln  of  myself,  and 

u  i.  '.  ...  Ill  iitiiii^  u  moUiuoan 

■    "...    ii,t|-..JactioIi  of 

■..i(i)  beds  of  the 


TheBflkenand&mia 
of  tho  Ohio  vatcT-pDl- 
ing,  being  the  wuM- 
out  luoraine  ot  the  btl 
ice^heet,  doe  to  ili 
dimolution  mbanuIlT, 
when    at    iu    f     -'"  " 
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its  recession  only.  The  ioe  which  accompanied  the  accamulation  of 
the  Lower  Glacial  beds  does  not  appear  to  have  reached  so  far  south 
eis  did  that  to  which  the  chalky  part  of  the  Upper  Glacial  was  due ; 
but  after  this  accumulation  a  material  change  took  place,  and 
extensive  troughs  were  excayated  through  these  beds,  which  were 
filled  in  by  the  Middle  and  Upper  Glacial  deposits.^  These  troughs, 
by  their  re-excavation,  have  in  great  measure  originated  the  present 
valley-system  of  East  Anglia,  part  of  such  re-excavation  having  been 
produced  by  the  advance  along  them  of  tongues  from  the  inland-ice 
during  the  formation  of  the  chalky  clay,  as  presently  explained. 

At  the  bottom  of  one  of  these  filled-in  troughs,  which  has  not 
been  re-excavated,  lies  the  Kessingland  freshwater  formation  with 
some  arboreal  remains  and  a  root-penetrated  surface,  covered  evenly 
by  the  Middle  Glacial  sand.  Whether  this  formation  is  a  deposit 
m  the  trough,  and  therefore  of  interglacial  age,  or  whether  it  is  a 
preglacial  formation  which  the  excavation  of  this  trough  through 
the  Lower  Glacial  beds  uncovered  without  destroying,  is  a  question 
for  the  determination  of  which  no  sufficient  data  have  yet  been 
detected.  If,  however,  this  formation  should  prove  to  belong  to 
the  period  of  interglacial  trough  excavation,  it  would  not  tieeessarily 
indicate  an  amelioration  of  climate,  because,  according  to  Milner's 
Atlas,  forests  in  Norway,  and  according  to  Von  Wrangel's  Map, 
forests  in  Siberia  extend  many  degrees  of  latitude  north  of  that 
parallel  (61°  N.)  down  to  which  glaciei-s  give  oflf  bergs  in  South 
Greenland. 

The  glacier,  the  accretion  and  extension  of  which  accompanied 
the  accumulation  of  the  Lower  Glacial  beds,  was,  I  think,  most  prob- 
ably that  of  the  Vale  of  Pickering,  to  which  I  shall  in  the  sequel 
have  occasion  to  refer  in  connexion  with  the  Purple  clay.  If  this 
glacier  deflected  south-eastwards  over  the  Chalk  along  the  line 
marked  by  the  Purple  clay  which  caps  the  Chalk  towards  Flam- 
borough  Head,  its  direction  would  have  been  straight  towards 
Cromer,  around  which  town  for  several  miles  the  great  masses  of 
remaniS  Chalk  are  imbedded  in  the  Contorted  Drift.  From  Flam- 
borough  southwards  this  glacier  would  have  travelled  exclusively 
over  Chalk,  and  terminating  at  some  point  between  Flamboro'  and 
Cromer,  where  the  water  was  deep  enough  to  generate  them,  would 
have  sent  off  bergs  laden  with  masses  of  remaniS  Chalk,  which, 
grounding  near  Cromer,  buried  them  in  the  marine  silt,  and  gave 
rise  to  the  contortions  which  accompany  these  masses,  and  to  which 
this  Silt  or  Drift  owes  it  name.  The  elevation  of  the  Lower  Glacial 
sea-bed  over  Norfolk  and  Suffolk,  which  put  an  end  to  the  accumula- 
tion of  the  Contorted  Drift,  reduced,  it  is  probable,  this  depth  of 
water  and  put  an  end  to  the  generation  of  bergs  by  the  Pickering 
glacier,  so  that  a  new  state  of  ice  arrangement  resulted.  Whether 
the  outflow  of  this  glacier  was  checked  by  an  elevation  of  the  sea- 
bottom,  or  merely  by  the  great  accumulation  of  sediment  to  which  it 
^ve  rise,  such  a  change  in  relative  levels  of  the  places  of  least  resist- 

»  See  8.  V.  Wood,  Jun.,  and  F.  W.  Harmer,  in  Q.J.G.S.,  Feb.  1877,  p.  74,  and 
P.  W.  Harmer  in  same,  p.  134. 
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«Dve  would  liave  caused,  I  conoaive,  the  ice  to  seek  a  now  dirwuw. 
Uit!  result  of  wliich  was  tliAt  its  main  flow  d«llected  more  dirwilj 
southwards  from  the  Pennine  Hills,  and  formed  the  large  glacier  tlwri 
to  which  ttie  Middle  Glaciiil  sands  and  the  ohalky  portion  of  ibs 
Upper  Glacial  olay  owe  tbeir  origin,  and  of  which  ttie  motion  «m 
portly  out  through  the  Humber  gorge,  but  principally  southwarf* 
over  Lincolnshire. 

Since  thus  the  earliest  deposits  of  tlio  Glacial  period  in  BritBin 
belong  to  that  part  of  it  during  which  the  ice  was  beginning  to 

'  Accumulate  and  during  which  it  was  extending,  but  bad  not  readied 
its  culmination ;  while  according  to  Prof.  Newberry  the  Erie  ds; 
belongs  to  that  part  of  it  during  which  it  was  receding,  we  du 
bardly  snggest  ,any  parallelism  ia  time  between  this  clay  and  tlw 

,  Euglish  Lower  Glacial  beds,  unless  that  part  of  the  period  which 
followed   the   elevation    of  the   latter   and   the   excavation   of  the 

'  troughs  through  them  was  aouompanied  by  a  general  recession  of 
the  ice  and  amelioration  of  climate,  as  to  which  there  doe*  not 
appear  at  present  to  be  any  reliable  evidence.  On  the  whole, 
therefore,  it  seems  to  mo  most  probable  that  none  of  the  American 
beds,  so  far  as  they  have  yet  been  described,  are  quite  so  old  as  the 
Lower  Glacial  series  of  Bngtaud ;  hut  that  the  oldest  of  iheta 
represent  the  [>eriod  of  reoeeeioa  irom  greatest  ice  extetteion  nnder 
which  the  priucipal  glacial  fonnation  of  Britain,  the  Upper  Glaciai 
was  acoumulnted. 

As,  however,  the  object  of  the  present  attempt  at  ByncbDjnism  is 
tentative  only,  I  have  thought  it  most  convenient  to  place  the  ohleit 
described  formations  of  either  country  side  by  side,  aa  the  clearer 
way  of  presenting  the  subject  for  the  coDsideration  of  geologists, 
and  therefore  in  pursuing  that  course  we  get  next : 


EHUbjuni. 


'.  Lawbbkcb  Bauh. 


The  Middle  Glitcial  stmd  and  gravel. 

The  Wper  Glscial  beginning  vith  the  Chalk; 
elaj  of  East  An^lia,  succeeding  which  comes  Che 
Purple  rlay  of  HDlderness,  end  Boch  of  the  da; 
of  the  North  of  England  u  19  not  of  Heiisle  age, 
and  terminating  vith  the  Moel  Tr);faen  and  I-ui- 
cashire  high-Iefel  Bauds  with  marine  molluica. 


The  Forest  rarface  and  vft- 
ciated  beds  (No.  2),  which  reM 
on  the  Erie  claj. 

The  beds  3a  of  Ohio  uul  put 
ol  the  marine  cUys  of  (he 
Lower  St.  LairreDCe  and  At- 
lantic coasts. 


If,  as  already  su^;eBted,  there  was  no  general  recession  of  the  loe 
and  amelioration  of  climate  after  the  fonnation  of  the  Lower  Glacial 
series  of  England,  and  that  therefore  the  Erie  olay  and  Eskers  of 
the  Ohio  water-parting  more  probably  represent  the  Upper  Glacial 
of  England,  then  the  beds  of  the  St.  Lawrence  basin  which  are 
above  placed  beside  the  Uiddlo  and  Upper  Glacial  would,  I  oonoeive, 
belong  to  that  period  which  we  have  been  accustomed  in  England  to 
call  post-Glacial,  and  during  which  a  minor  glaciation,  I  consider, 
occurred ;  and  I  think  that  this  pushing  forward  of  the  American 
beds  in  the  synchronism  will  eventually  be  found  to  accord  best 

ith  tiie  entire  gio\>p  oi  {Bi<A&. 
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le  Middle  and  Upper  Olacial  deposits  of  England  appear  to  me 
kve  been  formed  during  the  culmination  and  recession  of  tlie  ioe 
,  as  in  the  case  of  the  Eames  of  the  Ohio  water-parting  and  of 
Srie  clay.  During  the  accumulation  of  the  Middle  Glacial  sand 
gravel  formation,  it  is  not  clear  how  far  the  ice  extended, 
use,  by  the  action  of  the  inland  ice  on  the  western  side  of  the 
>  Eastern  counties,  after  the  elevation  of  the  greater  part  of 
L  into  land  which  accompanied  the  protrusion  of  glacier  tongues 
^  their  valleys,  as  presently  explained,  this  formation  on  the 
em  sides  of  these  counties  seems  to  have  been  destroyed.  The 
n  of  these  sands  and  gravels,  however,  appears  to  have  been  due 
e  washing  out  by  submarine  currents  of  the  moraine  extruded 
he  land-ice  lying  somewhere  west  of  the  line  marking  this 
-uction  in  Suffolk  and  Norfolk  which  is  defined  in  the  sequel ;  ^ 
this  was  both  accompanied  and  followed  by  the  lifting  and 
ping  through  the  agency  of  fioating-ice  of  sheets  of  the  un- 
ified moraine  itself,  because  we  find  such  moraine  occasionally 
"Stratified  in  the  sands  and  gravels,  as  well  as  very  extensively 
ling  a  thick  bed  of  Glacial  clay  over  them, 
uring  the  first  formation  of  these  sands  and  gravels,  the  eastern 
of  England  must  have  been  submerged  some  400  feet,  because 
ind  them  (without  any  indication  of  disturbance  having  occurred 
[le  floor  which  supports  them)  ranging  from   the  present  sea- 

I  nearly  up  to  that  altitude.  Near  the  southern  extremity  of 
;ial  clay  occurrence  in  Middlesex,  these  gravels  range  up  to 
it  300  feet  at  Finchley,  where  they  are  covered  by  the  morainic 
,  and  in  Essex  to  367  feet  at  Danbury,  where  they  are  not  so 
red.  Between  these  points  the  morainic  clay  of  the  Upper 
;ial  occupies  for  the  most  part  lower  ground,  resting  direct  on  the 
don  clay,  as  though,  after  the  deposit  of  the  sands  and  gravels, 
their  partial  overspread  by  the  morainic  clay  dropped  upon  them, 
ice  had  advanced  and  ploughed  out  the  lower  ground,  which  was 
•wards  covered  by  the  moraine  extruded.' 

he  distribution  of  the  same  sands  and  gravels  and  of  the 
ainic  clay  over  parts  of  the  counties  of  Hertford,  Bedford, 
kingham,  Warwick,  Oxford,  and  Leicester,  where  in  some  in- 
ces  they  attain  elevations  somewhat  greater  than  at  Danbury, 
loses  analogous  features;    and  seems  to  indicate  that  similar 

II  extensions  and  recessions  of  the  ice  when  at  its  furthest  limit 
place  in  that  part  of  England  also. 

s  the  sands  and  gravels  with  marine  mollusca  reach  in  North 
es  to  an  elevation  considerably  exceeding  1300  feet,  and  in 
cashire,  on  the  west  slope  of  the  Pennine  ridge,  to  elevations 

I  considerable  spread  of  coarse  rolled  flint  gpravel  in  West  Norfolk  resembling 
>n  shot  seems  to  have  resulted  from  similar  current  action  during  the  formation 
e  Upper  Glacial  chalky  clay,  upon  which  in  some  instances  it  seems  to  rest, 
rhe  position  of  the  beds  thus  referred  to  is  shown  in  the  Geological  repreeen- 
Q  of  Ordnance  Sheets  1  and  2,  which  I  made,  and  in  the  year  1866  placed  in  the 
iry  of  the  Geological  Society,  with  a  manuscript  memoir  and  sections  in  illus- 
)n  of  it.    It  is  ako  shoyrn  in  the  map  at  p.  348  of  Vol.  III.  Geol.  Mao.  1866. 
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iMtweon  1100  nni]  1200  feet,'  it  is  clear  that  eitlier  si  this  tim 
or  ^ubeequeutly  the  Hubmergeuce  must  have  much  uicreaaed  tKiiti- 
VHrda  and  westwards.  An,  however,  the  molluisca  of  the  MidiUt 
Qlncial  sanda  proBenta  so  decidedly  ua  older  and  more  Crag-lib 
fhcies,  and  even  the  Upper  Glacial  at  Dinilingtou  and  BridlingiM 
-oontaina  the  Crag  forma  Nncula  CobboldiiB  and  TeHina  dUpj**. 
frhile  the  Moel  Trjfaen  and  Lanoashire  beds  contain  none  bill  fonw 
jtill  living  in  British  seas,  and  one  or  two  more  that  live  in  im 
sArctic  Sea  immediately  north  of  the  Shetlands,  we  can  harih 
«icape  the  inference  that  either  a  Buhmet^gence  of  tLe  PenDiat 
region  and  North  Wales  took  place  after  the  accumulation  of  tin 
Aarliest  portion  of  the  Upper  Glacial  (the  chalky  clay),  orel$e  thu 
dnring  this  accumulation  thone  mounljiin  regions  were  envelopcol  in 
Jce  which,  until  the  gradual  passiug  away  of  the  g'la^nal  condiliini 
iTemoved  it  (and  therefore  a^er  the  chalky  and  purple  clays  W 
iooumulated),  prevented  the  access  of  the  sea  and  the  formation  of 
'inarine  beds. 

The  chalky  Upper  Glacial  reaches  in  Lincolnshire  (Ponton]  t# 
elevations  somewhat  exceeding  400  feet,  and  in  Herts  of  5oO  feel. 
And  tlie  glacier  to  which  it  was  due.  and  whose  Bubmarine  reeeanoii 
hEnost  of  its  accumulation  in  my  view  accompanied,  descended  om 
Xincolnshire,  but  oould  hardly  have  extended  much  to  the  west  of  tlta 
ilneridian  which  touches  the  westeminost  boundary  of  that  comly: 
ibecauBe  nearly  all  the  material  which  makes  up  this  olay  is  derived 
from  the  beds  of  that  county,  from  the  Trias  to  the  Chalk  inclnsiw.' 
At  its  greatest  eKtension  it  existRil  in  tlie  form  of  inland-ice  [lartly 
below  the  sea-level,  ju^t  as  now  occurs  in  the  caae  of  some  of  tbe 
inland-ice  of  Greenland  and  of  parts  of  Spitsbergen,  its  eastern  edge 
resting  upon  the  high  ground  forming  tbe  westernmost  parts  of 
Norfolk,  Suffolk,  and  Essex,  its  soutbem  on  the  north  border  of 
Herts,  and  its  western,  as  already  defined.  Within  these  limits. 
although  hero  and  there  a  few  sporadic  occurrences  of  g^vel  under 
the  chalky  cloy  may  be  detected,  and  which  I  refer  to  some  very 
localized  current  action  isauiny  from  the  ice  in  its  retrtat,  tlie 
chalky  clay  rests  directly  on  the  older  rocks;  whileonevery  side  of  it, 
except  the  north,  where  the  glacier  connected  with  the  place  of  iis 
genesis,  the  sands  and  gravels  whioh  I  term  Middle  Glacial  occnr 
extensively,  though  not  uniformly.     On  its  west  side  this  glacier 

»  Dttrbyshire,  Geol,  Mao.  1866,  Vol.  II.  p.  293. 

*  The  UppM-  Glncial  of  Midcll^sti  and  Easei  contains  little  other  chalk  than  tht 
hnrd  form  of  that  material  cbaractoriBtic  of  Yorkshire  and  Lincolnahire ;  bat  in 
Norfolk  a  good  deal  of  soft  chalk  is  intermiiigled,  and  in  the  caw  of  the  moninie 
clay  in  the  valleys  of  that  county  produced,  as  mentioned  further  on,  by  g-lacien  pro- 
truding tongue-bko  from  tbe  great  mass  nf  island-ice,  the  chalk  debris  aeema  moMli 
of  the  Hoft  character  of  the  ralley  floor  on  which  it  re9t«.  The  fact  that  the  chalt 
80  abnndiint  in  the  Glacial  cluy  of  Middlesex  and  Eseei  is  all  of  the  hard  kinil  (at 
least  if  any  of  the  soft  is  present  it  is  so  occasional  that  it  has  escaped  my  notice), 
seems  to  me  to  go  a  long  way  in  proof  of  this  claj  not  being  what  Mr.  G«ikie  makei 
it  out  to  be, — the  eubmnraiDe  tn  situ  of  a  glacier  which  reached  to  the  Thames 
Valley ;  for  if  so  the  chalk  debris  would  be  that  derived  from  the  conntieB  of  Enei, 
Hiddleeei,  Herts,  Cambridge,  Suffolk,  and  Norfolk  eiclusiTely,  instead  of,  at  it 
appean  to  be,  chi^k  derived  m  chief  part,  if  not  eiclnsTsly,  from  Liucalnabire. 
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probably  terminated  direct  in  the  sea,  bat  on  its  eastern  side  it  was, 
fts  presently  described,  divided  from  the  sea  during  part  of  the  Upper 
Qlacial  period  by  a  belt  of  land  formed  of  the  eastern  parts  of 
Essex,  Suffolk,  and  Norfolk.  To  the  action  of  this  glacier,  when, 
daring  its  greatest  extension,  its  principal  mass  rested  on  the  great 
Fen  level,  do  I  attribute  the  formation  of  that  level  itself;  its  edges 
as  above  defined  being  on  all  sides,  except  the  north,  within  twenty 
miles  of  the  Fen  boundary  ;  and  to  the  extrusion  of  its  moraine 
daring  recession  do  I  refer  the  principal  part  of  the  chalky  clay,  the 
rest  having  been  accumulated  by  droppings  in  mass  from  ice  which 
floated  in  the  sea  during  its  greatest  extension,  as  well  as  in  the  sea 
that  followed  up  its  recession.  As  explained  subsequently,  a  branch 
from  this  glacier  passing  through  the  gorge  of  the  Humber  carried 
oat  into  Holdemess  nearly  all  the  moraine  engendered  north  of  that 
gorge,  as  well  that  engendered  for  a  few  miles  south  of  it,  the  ice 
against  the  Wold  scarp  drawing  in  from  both  sides  of  this  gorge 
to  form  a  tongue  which  issued  through  the  valley  of  the  Humber. 
ThuSy  as  the  glacier  receded  north wcmls,  the  moraine  extruded  be- 
came less  and  less,  so  that  before  it  receded  to  the  latitude  of  the 
Humber  it  had  shrunk  away  from  the  Chalk  Wold  on  its  western 
side,  and  there  was  no  more  chalky  moraine  to  extrude.  North 
of  Holdemess,  however,  the  glacier  which  came  through  the  Yale 
of  Pickering,  and  passed  over  the  lower  ranges  of  the  Wold  for  a 
few  miles  inland  of  Flamborough,  to  which  I  have  already  adverted 
as  giving  off  bergs  during  the  accumulation  of  the  Contorted  Drift, 
but  which,  after  the  termination  of  that  accumulation,  ceased  to  give 
off  bergs,  and  which  also  had  wasted  back  under  the  influences 
which  caused  the  Lincolnshire  glacier  to  waste  back  and  disappear, 
still  brought  chalk  debris,  derived  from  the  north  scarp  of  the  Wold, 
but  accompanied  at  first  by  a  corresponding  abundance  of  the  hard 
rocks  which  lie  north  of  the  Wold,  and  form  the  opposite  side  of  the 
Pickering  trough.^  This  morainio  material  is  of  a  deirk  purple 
colour  in  its  lower  part,  changing  to  a  more  reddish  purple  upwards. 
In  its  lower  part  it  is  full  of  rolled  chalk  mixed  with  the  more 
angular  debris  of  hard  rocks,  and  at  its  junction  with  the  lead- 
coloured  chalky  clay  at  its  base  (a  of  the  sections  and  map)  sheets 
of  it  frequently  alternate  with  sheets  of  the  latter,  showing,  it  seems 
to  me,  that  from  this  horizon  at  least  upwards  the  clay  of  Southern 
Holdemess  originated  from  the  dropping  process,  and  other  forms 
of  marine  deposit,  and  not  by  direct  moraine  extrusion.  As  we  see 
the  succession  upwards,  exposed  in  the  high  cliff  of  Dimlington,  and 

^  This  trough  is  that  lying  between  the  north  scarp  of  the  Chalk  "Wold  and  the 
slope  of  the  Eastern  Moorlands  formed  mostljr  of  rocKy  Jurassic  beds.  Its  eastern 
ena  is  now  blocked  up  by  the  last  of  the  morainic  clay  which  its  glacier  engendered, 
so  that  the  drainage  flows  in  the  opposite  direction  to  that  in  which  the  moraine 
travelled  to  the  sea,  viz.  westwards  and  round  the  north-west  angle  of  the  Wold,  and 
thence  southwards  to  the  Humber,  west  of  the  Wold  scarp.  During  the  Contorted 
Drift  the  Pickering  glacier,  I  conceive,  travelled  perhaps  60  miles  on  both  its  sides 
over  chalk ;  but  at  the  period  of  the  commencement  of  the  purple  clay  it  had  shrunk 
back  so  that  one  side  only  touched  the  chalk,  and  this  for  a  few  miles  only,  and  as 
the  purple  day  deposit  proceeded,  it  gradually  shrank  from  the  chalk  altogether. 
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that  Bonih  of  Mappletoiit  where  the  uppennoet  {Not  of  Ae  Jft^- 
olay  has  eaoaped  uie  detiiidatioix  wbi^  prior  to  tlie  fTiilii  tal^ 
deatrojred  it  elaeirhere  to  the  Bonih  of  Bridungioii,  tlis  nupid  dasMH 
of  the  bhalk  debris  is  Terr  mariEed,  but  the  deoraaae  of  me  dsUhrf 
the  hard  rooks  north  of  we  Wold  is  mnoh  lem  oonwianoaB.  flflb 
even  this  diminishes,  and  though  it  oontfainee  in  the  daj  ef  fti 
npper  parts  of  these  two  difb,  it  beoomee  ao  aoant  that  fa  ds 
uppermost  part  where  the  ohalk  debria  has  wholly  ncianoil,  wk 
where  the  Messle  day  with  its  subangolar  dbalk  defaiia  wnpaow 
it,  there  is  very  little  debris  of  any  kind  in  the  diaj.  It  is  fa  M 
a  sti£f  mud,  mnoh  resembling,  save  that  itu  atifEer  and  UMontoriii 
and  has  no  dialky  sediment  intermixed  in  it»  the  Oontoited  Skiftrf 
Cromer  Cliff,  which  is  generally  oonoededto  be  a  marine  aQt,  tlMN|^ 
nearly  destitute  of  organio  remains.  It  is,  I  think,  more  thvi  doafat- 
ful  whether  any  of  &e  olay  without  ohflJk  south  of  the  Pioksriig 
trough  is  of  dii^  mondnio  origin,  either  as  originidly  extruded,  or 
as  £opped.  It  seems  to  me,  thouglh  produoed  from  the  grindag 
of  the  glaoier-ioe^  to  have  been  distributed  by  marine  agenoy,  as- 
oompanied  by  the  dropping  of  erratios  from  floe-ioe ;  fi»r  not  oa^ 
is  this  olay  full,  though  at  no  particular  horiaon,  of  lentieolar  bedi 
of  sand  (^  and  cT  of  Section  I.) — a  feature  which  the  true  »"fflfM"«« 
chalky  olay  of  East  Anglia  lacks — ^but  it  presents  the  moat  marioed 
contrast  to  the  small  moraines  of  pure,  rolled  dhalk  (c  of  the  am 
section)  which  underlie  it,  and  occupy  ravines  or  goUiea  in  the  chslk 
floor  where  it  rises  above  the  beach  from  Bridlington  northwarda. 
These  small  moraines  are  evidently  connected  with  the  purple  clay 
containing  much  chalk  of  the  cliffs  south  of  Mappleton  (c  of  the 
section),  the  place  of  which  they  occupy  relatively  to  the  clay  with 
little  and  no  chalk  (d)  that  overlies  both ;  and  having  been  formed 
beneath  the  Pickering  glacier  while  it  still  rested  on  the  north- 
eastern extremity  of  the  Wold  after  the  termination  of  the  chalky 
clay  formation,  they  seem  confirmatory  of  the  mode  in  which  the  re^ 
treat  of  the  ice  took  place,  as  indicated  by  the  other  phenomena 
previously  discussed. 

As  this  mud-like  clay  {d)  caps  the  cliffs  continuously  northwards 
from  Bridlington  to  the  mouth  of  the  Pickering  trough  (which  it 
blocks  up),  and  for  several  miles  attains  elevations  between  350  and 
400  feet,  it  seems  to  me  to  indicate  that  when  the  Pickering  glacier 
by  shrinking  back  gave  rise  to  its  accumulation,  Yorkshire  most 
have  been  submerged  to  that  extent. 

The  recession  of  this  glacier  through  the  Vale  of  Pickering  after 
the  disappearance  of  the  glacier  which  pniduced  the  chalky  clay  is 
thus,  it  seems  to  me,  very  clearly  indicated ;  as  well  as  two  corol- 
laries ;  the  first  of  which  is  that,  when  the  chalky  clay  was  in  pro- 
gress of  accumulation,  the  contemporaneous  moraine  that  passed 
through  the  Vale  of  Pickering  was  left  out  in  the  sea  beyond  our 
present  shores ;  and  the  second  of  which  is  that,  since  the  farther 
north  the  latitude  the  later  must  have  been  the  recession,  the 
Glacial  clay  of  the  northernmost  English  counties  is  later  than  all 
this  of  Holdemess,  except  possibly  that  which,  wholly  destitute  of 
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Cbalk  debris,  immediately  underlies  the  Hessle  olay  wrapper  in  the 
two  high  cliffs  already  mentioned ;  while  that  of  Scotland,  so  far  as 
it  belongs  to  the  same  period  of  glaciation,  is  latest  of  all,  and  may 
have  accumulated  while  the  South  of  England  was  the  theatre  of  the 
disturbances  presently  referred  to.  Moreover,  when  the  latest  part 
of  the  Upper  Glacial  formation,  the  Moel  Tryfaen  and  Lancashire 
high-level  sands,  was  accumulated,  it  is  clear  that,  except  to  the 
extent  possibly  of  some  glaciers  still  remaining  in  the  valleys  of 
the  islands  to  which  the  mountain  district  of  the  North  of  England 
was  at  that  time  reduced  by  submergence,  there  could  have  been 
no  ice  enveloping  the  Southern  extremity  of  that  district,  though 
Snowdon  and  other  higher  mountains  of  North  Wales  may  possibly 
still  have  been  snow-clad.  The  North  of  Scotland,  too,  from  its 
latitude,  may  also  at  this  time  have  not  been  freed  from  its  ice,  so 
that  the  morainic  clay  of  that  part  of  Britain,  except  so  far  as  it  may 
be  of  later  (i.e.  Hessle)  age,  may  even  be  synchronous  with  these 
high-level  sands  of  Lancashire  and  Wales,  for  the  shells  which  have 
occurred  at  Elie  and  elsewhere  on  its  eastern  coast,  though  more 
Arctic  in  character,  possess  the  same  modern  facies  as  do  those  of 
Moel  Tryfaen,  and  of  Macclesfield,  as  well  as  those  from  gravels  of 
Hessle  age. 

In  the  East  of  England  the  sea,  during  that  earlier  part  of  the  Glacial 
period  to  which  the  Contorted  Drift  belongs,  was  evidently  deep  enough 
to  buoy  up  the  glacier  which  occupied  some  part  of  the  Chalk  country, 
and  break  off  portions  into  bergs ;  and  these,  from  the  dimensions 
of  the  masses  of  reconstructed  Chalk  which  by  their  grounding 
they  introduced  into  the  mud  of  that  drift,  must  have  been  of  con- 
siderable size.  What  that  depth  of  water  was  it  is  difficult  to 
estimate ;  but  when  we  consider  that  the  mass  of  Lower  Glacial 
deposits  ii)  which  these  bergs  grounded  was  itself  in  that  part  near 
200  feet  thick,  it  is  clear  that  at  this  stage  in  the  Glacial  period 
the  Eastern  counties  must  have  undergone,  since  the  time  of  the 
newest  Crag  beds,  great  depression  and  submergence.  As  already 
mentioned,  however,  this  sea-bed  had,  prior  to  the  Middle  Glacial 
sands,  undergone  denudation,  the  effect  of  which  was  to  excavate 
along  the  lines  of  our  present  valleys  wide  and  deep  troughs,  in 
which  to  a  great  extent  these  sands  accumulated,  and  were  over- 
spread in  their  turn  by  a  deposit  of  the  morainic  chalky  clay. 
After  this,  as  I  shall  presently  endeavour  to  show,  so  much  of  this 
area  as  forms  the  eastern  part  of  the  counties  of  Norfolk  and 
Suffolk  was  early  in  the  formation  of  the  chalky  portion  of  the 
Upper  Glacial  converted  into  a  belt  of  land,  which  divided  the 
inland-ice  from  the  sea,  and  through  the  valleys  of  which  that  ice 
in  the  form  of  glacier  tongues  escaped.  By  the  well  at  Yarmouth, 
described  by  Mr.  Prestwich  in  the  16th  vol.  of  the  Joum.  of  the 
Geol.  Soc.  of  London  (p.  450),  we  learn  that  the  depth  to  which 
one  of  these  valleys,  the  Yare,  has  been  excavated  and  filled  up 
since  with  silt  and  mud  is  170  feet  below  Yarmouth,  or  about  155 
below  Ordnance  datum.  This  is  not  only  far  below  the  surface  of 
the  adjoining  sea-bottom,  but  is  below  the  surface  of  that  sea-bottom 
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The  gravels  which  over  the  West  of  England  repreoent  in  mj 
Tiew  the  Upper  Glacial  were  cnt  throngh  in  excavatiiig  the  MicU^ 
ton  tnnnel  at  the  northern  extremity  of  the  Cotteswolda,'  where 
they  were  found  in  great  thickness  at  an  elevation  reaching  to  490 
feet,  occupying  what  was  evidently  a  channel  or  strait  dividing 
the  small  island  formed  by  Ebrington  Hill  from  the  main  island 
forme^l  by  the  Cotteswold  range  at  that  time.  This  gravel  has 
been  traced  by  Mr.  Liicy  up  to  elevations  in  the  Cotteswold  rpgicm 
between  600  and  700  feet;  and  it  is  evident  that  the  washed-oat 
moraine  of  the  glacier  which,  descending  over  Lincolnshire,  gave 
rise  to  tbe  chalky  clay,  has  contributed  to  the  material  of  tbii 
gravel,  l>ecau8e  there  occur  in  it  the  large  coarse  flints  so  cha- 
racteristic of  that  clay,  and  also  pieces  of  the  red  chalk,  and  much 
more  of  the  hard  white  chalk  of  Lincolnshire  and  Torkshire.' 

•  I  loam  from  M.  £.  Yandenbroek  of  Brussels  that  the  Crag  to  a  depth  of  41a 
feet  has  been  sunk  through  at  Utrecht,  in  Holland,  under  760  feet  of  (so-called) 
Quat«:mary  aenimulations,  the  boring  at  that  depth  (117*5  feet)  being  still  in  9M^ 
whoM!  foMils  a^ee  with  the  Coralbne  Cra^c,  and  not  those  of  the  earliest  of  the 
])4Tl)(inn  (/rof^-lied-s.  This  seems  to  me  to  show  that  the  bed  of  the  North  Sea,  xm- 
distiirtMHl  by  the  Scandinayian  glacier-ice,  has  been  tranqnillj  TeceiTin*?  sedimentarr 
arrumulations  from  the  commencement  of  the  Pliocene  period  up  to  the  conrernon 
of  narti  of  it  into  land  at  the  close  of  the  Glacial  period. 

•  See  Gavey  in  (^uart.  Joiirn.  Geol.  Soc.  vol.  ix.  p.  295,  for  full  description  of  tbe 
Mickloton  cuttinj^ ;  also  Hull,  in  toI.  li.  p.  477. 

•  **  The  Gravels  of  the  Severn,  Avon,  and  Evcnlode,  and  their  extension  over  the 
litottMWold  HillH,"  by  VT.  C.  liac^,  xiAii  A^^ta  Tth^  1869,  before  the  CotteswoU 
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In  one  part  of  the  South  of  England,  the  gravels  which  in  my 
iriew  represent  the  Upper  Olacial  range  also  to  elevations  between 
600  and  700  feet,  as  at  Gaasar's  Gamp,  near  Aldershott,  and  other 
detached  hill-summits  N.N.W.  of  it,  but  elsewhere,  as  at  Headon 
in  the  Isle  of  Wight,^  at  St  Oeorge's  Down  in  the  same  island, 
at  Chilworth  Tower,  Stony  Crop,  and  Bramshaw  Telegraph  in 
Hampshire,'  and  at  Swanscombe  Hill  in  Kent,  the  limit  of  their 
elevation  ranges  from  300  to  420  feet.  Such  of  these  summit 
fp^vels  as  lie  north  of  the  Chalk  district  that  divides  the  Hampshire 
from  the  London  Basin  may  be  all  continued  by  numerous  other 
l^vel-topped  eminences  of  less  altitude  across  the  counties  of  Berks, 
Buckingham,  and  Hertford  in  the  one  direction,  and  across  the 
Thames  Valley  in  another,  into  contiguity  with  the  unwashed 
moraine  which  the  chalky  clay  represents. 

The  elevation  attained  by  the  gravels  in  the  Cotteswolds  probably 
a£fords  a  measure  of  the  extent  of  the  submergence  in  that  direction, 
as  these  are  remote  from  the  theatre  of  submarine  disturbances 
-which  have  so  elevated  the  gravels  of  the  South  of  England.  From 
the  description  given  by  Mr.  H.  B.  Woodward  of  the  Devonshire 
gravels,  this  submergence  does  not  appear  to  have  diminished  for  a 
long  distance  further  south-west  The  elevation  of  the  gravels 
over  the  South  of  England  (Surrey,  Hampshire,  etc.),  however, 
a£fords,  in  my  view,  no  measure  of  the  depth  of  the  sea  in  that 
direction,  because  these  gravels  attain  greater  and  greater  elevations 
as  they  approach  the  points  where  the  highly  inclined  position  of 
the  chalk  shows  the  region  to  have  undergone  great  elevation  rela- 
tively to  the  rest  of  the  gravel-sheet  before  so  much  of  it  was  de- 
stroyed by  the  denudation  resulting  from  the  disturbances  producing 
this  exceptional  elevation.  A  study  of  the  position  of  these  gravels 
in  Hampshire,  Surrey,  Berks,  and  Kent  has  convinced  me  that  the 
sea  under  which  they  accumulated  was  not  deep ;  and  that  though 
it  covered  in  a  general  sense  the  whole  of  the  South  of  England, 
there  were  many  islands  over  that  part  of  Britain  formed  by  such  of 
the  higher  hills  as  had  come  into  existence  before  the  Glacial  period, 
and  were  not,  as  were  the  Hogsback  ridge  and  the  Purbeck  and 
Wight  anticlinals,  produced  by  the  disturbances  of  this  period.^    It 

*  Geol.  Survey  Memoir  on  the  Isle  of  Wight. 

^  Codrin^n,  Quart.  Joum.  Geol.  Soc.  vol.  xxri.  p.  628. 

^  I  have  ID  various  papers  during  twelve  years  past,  and  particularly  in  one  on  the 
"Weaii  Valley  denudation  in  Quart.  Joum.  Geol.  Soc.  for  1871,  urged  that  the  dis- 
turha&ces  in  which  the  rectilinear  upcasts  of  the  Isles  of  Wieht  and  Purheck,  as 
-well  9B  those  of  the  Hogsback  and  Portsdown  Hills,  originated,  took  place  at  this 
time;  viz.  the  close  of  the  Glacial  period  and  beginning  of  what  we  in  England 
have  been  accustomed  to  call  the  post-Glacial;  and  it  is  interesting  to  me  to  find  that 
Mr.  Prestwich,  in  a  paper  read  in  the  year  1874  (Q.  J.  G.  8.  vol.  xxxi.  p.  29),  makes 
out  that  during  the  Glacial  period  that  portion  of  the  Purbeck  and  Wight  anticlinal 
which  is  continued  north  of  Portland  Isle  was  submerged,  and  then  upheaved  and 
subjected  to  excessive  denudation,  though  he  does  not  a£nit  the  general  submergence 
of  the  South  of  England. 

The  section  given  in  the  Geological  Survey  Memoir  of  the  Isle  of  Wight  through 
Headon  Hill,  with  that  in  the  lid^moir  on  the  London  Basin  through  Csesar's  Camp 
(vol.  iv.  p.  376),  are,  it  seems  to  me,  not  reconcilable  with  anjthmg  less  than  this 
general  submergence ;  and  show  to  my  mind  clearly  the  excessive  denudatloiL  'vV^^:^^. 
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mi,  I  ooDkod,  with  diaturbancee  of  an  mteose  cbttT«i:4«r  blin^ 
^aoa  imder  tlit>  sea  at  this  period  that  the  emer^Qce  of  the  Scmli  of 
BnglMid  ocBiuiienced.  and  it  waa  to  tlie  long  train  of  changes  vhifii 
fiina  be^iuuii>;  continued  through  the  period  of  minor  glaciatioD  lb( 
we hftve  hitlKt-to  culled  pnst-Glacial,  and  which  I  have  endeavoomJ 
to  tnoa  in  inv  paper  on  the  Wealdeu  Denudation  in  the  Jonnal  i 
dts  Oeologiciil  So<.-iely  for  1S71,  that  in  my  view  the  Sondi  rf 
Enj^knd,  including  the  Wealdea  YaUey,  was  brought  to  ite  premi 
form  and  oohdition. 

In  loftmice  to  the  elevation  of  the  greater  part  of  the  Eh* 
An^ian  oonuiii.'s  into  a  belt  of  land  early  in  the  progress  of  tlic 
formation  of  tlj^'  chalky  clay,  there  Biist  certain  phenomena  connecteJ 
witl)  the  valUys  of  that  district  which  have  long  been  a  subjedof 
pMplszity  til  DK'.  and  in  reference  to  which  the  following  pau^p 
oooun  in  tbe  recent  pnper  by  myself  and  Mr.  Hamier,  "  On  At 
Utor  Tertiuy  Geology  of  East  Anglia,"  already  quoted,  viz. :  "  It  ii 
■Iso  a  perploiing  feature  that  some  denudation  has  occnrred  A 
tho  bottom  iif  valleys  by  which  the  Upper  Glacial  (or  clay  un- 
distineidBhftI 'le  h-om  it)  rests  directly  on  beds  older  than  the  Uiddk 
OImiu  nnd.  :i!i  is  shown  in  Section  XV.  [of  thnt  paper]  in  tlw 
owe  of  the  Kct  Valley,  and  of  which  inetances  are  also  to  be  found 
is  the  Wftwnej,  Blyth.  and  Gipping  Valleys.  This,  if  (he  clay  eo 
oooairing  be  the  Upper  Glacial,  seems  to  have  taken  place  eilhcr 
during  3ie  jiccumidntion  of  that  deposit  or  that  of  tlio  Middle 
Glacial,  but  to  have  been  very  partial  or  local." 

The  explanation  of  the  difficulty  has  since  occurred  to  me ;  and  it 
is,  as  alr^y  mentioned  in  these  pages,  that  after  the  Middle  Olaciil 
bad  been  deposited  and  received  hy  dropping  a  covering  of  moraink 
clay,  the  area  of  the  Eastern  counties  intersected  by  these  valleys 
was  converted  into  land  which  formed  a  belt  dividing  the  land- 
ice  from  the  sea,  as  is  the  case  at  the  present  time  in  Centnl 
and  South  Greenland  ;  and  that  through  the  valleys  traversing  thii 
belt,  or  some  of  them,  the  land-ice  issued  in  narrow  tongue-hkc 
glaciers  to  the  sea,  as  it  does  in  those  parts  of  Greenland  at  tbe 
present  time.  In  Greenland  this  belt  is  formed  of  lofty  land,  but  ia 
East  Anglia  the  belt  must  have  been  of  land  even  lower  than  th« 
present 

The  section  afforded  by  the  cutting  of  the  Cromer  Bmnch  Railway 
at  Thorpe  near  Norwich,  some  years  ago,  though  puzzling  at  the  time, 

Bccompuiiiid  the  acute  npthrow  of  these  rectilinear  Tidgci,  just  M  Hr.  Preatwich 
(how9  it  baa  dcme  the  portioD  of  one  of  them  which  ia  oontinned  through  the  Fott- 
land  diatrid. 

The  lestoratian  map  No.  II.  of  the  pUt«  to  the  paper  hy  mjself  on  the  TmU 
aboTe  quoted  shoTS  what  I  regard  aa  (he  diatributiaD  of  land  and  water  at  that  par- 
ticular Btafe  of  thiB  emer^Dce,  when  the  oMeet  part  of  the  graTel  lying  within  the 
Thamea  Vallej  commenced  to  form  and  wtken  the  Weat  and  Soath  of  EngUnd  were 
to  a  great  eitent  atil!  auhmerged. 

I  ought  to  add  also  that  Mr.  0.  Fisher  in  1868  (Gkol.  Mio.Tol.  V.  p.  99).  aagnted 
fiiat  the  lofty  graTela  OTer  the  Sonthani  countieB  repreaenled  the  Upper  GlaciaT  *t 
that  tima  I  regarded  them  as  Bomewhat  later,  and  sM  haying  oecnmulated  after  Uie 
riadal  cky  had  been  removed  from  that  part  of  England  by  denudation,  but  I  bar* 
'<^— Tonl  jeaiapaat  giieauf  tiiiaiuw  m.t»craiaf  that  at  Ur.  Fithsr. 
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.  appears  to  me  now  to  throw  a  clear  light  on  this  case.    This  cutting 
.   "was  made  through  the  north  side  of  the  Yare  Valley,  and  in  it  the 
.    chalky  clay  was  exposed  with  the  Middle  Glacial  sand  containing 
its  shell-bed  under  it  on  the  upper  part  of  the  valley  side ;  but  lower 
down  the  whole  of  the  clay  had  been  ploughed  out,  and  the  sand 
"Was  all  twisted  up  with  the  Lower  Olacial  (Bure  Valley)  sand,  on 
"which,  after  the  first  excavation  of  the  valley,  it  had  been  deposited. 
In  the  valley  below  the  chalky  day  may  still  be  seen  in  section 
resting  on  the  glaciated  chalk  floor  of  the  valley,  and  it  is  clear  that 
"we  have  here  an  illustration  of  what  glacier-ice  produces  when  moving 
over  clays  and  sands,  viz.  their  destruction  in  part  and  the  twisting 
of  the  rest  with  the  soft  beds  on  which  they  repose.*    A  similar 
feature  of  ice  plough  was  afibrded  (some  years  ago  when  the  cutting 
bad  been  fresh  scarped  on  one  side)  by  the  railway  cutting  at  the 
Sast  Suffolk  Railway  Junction,  Ipswich,  in  the  Gipping  Valley.     If 
such  features  were  exhibited  generally  over  the  plateaux  through 
•which  these  valleys  are  cut,  we  might  explain  them  merely  by  a 
l^neral  advance  of  the  ice ;  but  there  has  been  no  such  ploughing 
over  the  plateaux,  as  the  numerous  inland  pit  sections  over  them  and 
the  continuous  sections  of  them  which  the  cliffs  north  and  south  of 
Xfowestoft  afford,  show  in  the  case  of  the  Yare  Valley  most  clearly. 
Thus  the  succession  of  events  in  East  Anglia  was,  first  the  deposit 
by  marine  agency  over  a  floor  formed  of  Chalk,  Lower  Tertiaries, 
and  Crag,  of  the  Lower  Glacial  series  in  considerable  thickness ; 
next  the  excavation  of  the  valley -troughs  (whether  subaerially  or 
subaqueonsly  may  be  here  left  out  of  consideration),  into  which,  as 
shown  by  Mr.  Harmer  and  myself,  the  Middle  Glacial  sand  was 
bedded  and  covered  by  the  chalky  clay ;  and  then,  while  the  chalky 
clay  was  still  in  progress,  these  deposits  were  elevated  into  land,  so 
as  to  form  the  coast  belt  which  I  have  described.     This  belt  was 
pressed  on  its  western  side  by  the  great  body  of  ice  which,  having 
passed  over  Lincolnshire,  occupied  the  fen,  and  from  whose  mass  the 
tongue-like  glaciers  passing  through  some  of  these  valleys  to  the  sea 
went  off  and  formed  the  means  by  which  the  land-ice  escaped ;  and 
these  by  their  ploughing  produced  that  subsequent  denudation  of 
those  valleys,  and  gave  rise  as  they  receded  to  those  deposits  of 
morainic  clay  which  we  find  in  them,  resting  upon  glaciated  chalk, 
which  were  so  long  puzzles  to  me.     In  the  case  of  the  smaller 
valleys  as  well,  as  in  those  lateral  to  the  few  main  ones  through 
which  the  glacier  tongues  passed,  the  patches  of  chalky  clay  which 
occur  in  their  bottoms  appear  to  have  been  produced  by  the  drifting 
into  them  of  floe-ice  freighted  with  sheets  of  the  morainic  material. 
The  action  of  this  inland-ice  upon  the  western  parts  of  Norfolk  and 
Suffolk  may  also  be  traced  in  the  abrupt  termination  in  these  parts 
of  the  counties  of  the  Lower  and  Middle  Glacial,  as  though  both  had 

>  Where  this  cntting  was  carried  through,  sand  had  rested  on  sand,  viz.  the 
Middle  Glacial  on  the  Bure  Valley  beds ;  but  a  pit  about  a  quarter  of  a  mile  west, 
of  old  date,  showed  the  Middle  Glacial  sand  resting  on  the  Contorted  Drift,  which 
in  that  neighbourhood  is  uncontorted.  The  valley  plough  referred  to  in  the  text 
had  here  contorted  the  two  together,  and  so  given  rise  to  tnis  exceptional  {ea.twEA« 


quito  abruptly,  and  , 
the  usual  character 
Glacial  sets  in  b'/nea 
as  it  usually  is  on  tht 
The  8tat«  of  thin^ 
the  Upper  Glacial  h 
upon  the  age  of  the  ' 
Kiver  Waveney,  and 
which  the  valley  of  tl 
brick -earth   and   sand 
implements,  was  elal 
rhil.  Trans,  for  186C 
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denuded  by  the  excavat 
to  that  of  the  Wavene}! 
the  occurrence  of  some 
edges  or  brows  of  the  i 
tend  that  the  accumulati 
preceded  the  excavatioi 
would  be  necessary  to 
time  with  the  sea  or  by 
was  rejected  for  want  o 
to  the  facts  affecting  t 
physical  impossibility. 

*  The  limit  tip  to  which  tl 
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injBf  in  North-west  Norfolk,  a 
ami  East  Dc-rehnm,  and  h*^*^"' 
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bed  was  aocnmnlated  prior  to  the  excavation  of  the  Waveney  Valley, 
and  when  the  chalky  clay  formed  a  continuous  table-land  across  it, 
the  gravels  of  the  Waveney  Valley  associated  with  the  bed  being 
referred  to  a  general  system  of  high-level  river-gravels  over  England 
and  Northern  France,  which  marked  either  the  commencement  of  the 
excavation  of  the  valleys  of  the  rivers,  or  a  period  when  that  ex- 
cavation was  in  progress,  and  when  the  rivers  ran  at  a  corresponding 
higher  level.  The  late  Mr.  J.  W.  Flower  opposed  this  view,  in- 
sisting that  the  physical  structure  of  the  country  around  forbade  the 
possibility  of  the  Waveney  River  having  been  the  agent  by  which 
the  valley  containing  it  has  been  excavated — a  contention  that 
assists,  if  it  be  necessary,  the  proof  of  what  seems  clear  to  me,  viz. 
that  the  valley  originated  interglaoially  between  the  Contorted 
Drift  and  Middle  Glacial,  and  was  then  subjected  to  re-excavation 
by  one  of  the  glacier  tongues,  which  in  its  recession  left  behind  it 
the  deposits  of  chalky  clay  which  occur  at  intervals  on  the  sides  and 
bottom  from  ih^  mouth  to  the  head  of  the  valley.  These  deposits 
seem  to  me  to  furnish  irrefragable  proof  that  the  valleys  in  which  they 
occur  had  been  excavated  to  at  least  their  present  depths  before  the 
chalky  clay  had  ceased  to  accumulate ;  and,  but  for  the  physical 
conditions  to  which  I  have  referred  as  having  succeeded  the  for- 
mation and  conversion  into  land  of  the  earliest  part  of  the  chalky 
clay,  they  would  present  a  very  puzzling  problem.  The  passage,  how- 
ever, of  glacier  tongues  through  some  of  these  valleys  (and  amongst 
them  that  of  the  Waveney),  by  which  the  escape  of  the  land-ice 
over  the  Fen  took  place,  seems  to  me  to  remove  the  difficulty  ; 
because,  by  filling  up  the  valley,  these  glacier-tongues  would  have 
given  rise  to  physical  conditions  similar  to  what  would  have  existed 
had  the  Waveney  Valley  not  been  excavated—- conditions  which  have 
been  deemed  necessary  to  explain  the  position  of  the  Hoxne  brick- 
earth  ;  for  if  we  regard  the  lagoon  in  which  the  brick-earth  ac- 
cumulated as  held  up  by  the  ice  in  the  way  in  which  glacier  lakes 
are,  then,  as  the  glacier  receded  and  the  sea  took  its  place  at  a 
lower  level  than  the  top  of  the  ice,  the  water  of  the  lagoon  would 
escape,  and  in  so  doing  denude  that  side  of  the  brick-earth  over 
which  this  escape  took  place,  giving  rise  thereby  to  the  Goldbrook 
Valley. 

If  I  am  right  in  this,  the  Hoxne  bed,  though  necessarily  posterior 
to  so  much  of  the  chalky  clay  as  crowns  the  table-land  through 
which  the  valley  runs,  is  yet  anterior  to  the  great  mass  of  that 
clay  which  covers  the  Fen  country  and  Lincolnshire,  and  about 
synchronous  with  such  parts  of  it  as  occur  in  the  valley  bottoms  of 
£ast  Suffolk  and  Norfolk  ;  and  this  would  carry  the  evidences 
of  man*s  occupation  of  Britain  some  way  back  into  what  I  regard 
as  the  true  Glacial  period. 

{Toh$  wMluded  in  our  nsxt  Number,) 


IV. — On  A  Nkw  Uasene  Bbd  in  thi  Lowibb  Ooi-rrKi  or  I 

YOSBSHIBK. 

By  Geobob  Bassow,  F.O.S.  ; 

et  H.  M.  Geulogiial  Sonoj  of  Englaiul  and  Wales. 

Bj  pemuHJon  of  the  Directur-GeDerol  of  t}ie  Geol.  Surr.  of  tbc  Unile'  Ifiiiftw]  I 

ABOUT  half-way  between  Hajburn  Wyke  and  Clonghton  Wjb.  ' 
Btid  five  miles  North  of  Scerborongb,  u  scar  of  hanl  saii>l«iM& 
reinarkuble  for  iU  even  bedding,  may  be  eeen  rising-  with  a  voa- 
lidcirnble  dip  from  tUe  ttea.  This  enndiitone  oontaina  nJong  if 
»edding  planes  occasional  thin  layers  of  a  very  dense  tmnstoac. 
[rciia  which  it  baH  probably  ri?ceived  the  name  of  ■'Iron  Sar.* 
Immediately  lieneath  are  abont  five  feet  of  shales  closely  reeemtiling 
ihose  of  the  Miildle  Lias,  and  containing  two  banils  • 
ironstone. 

A  careful  search  shows  that  the  uppermost  of  these  two  baadf 
jontnins  a  few  small  fossils ;  while  the  base  of  the  sajidgtone  eon- 
sins  casts  of  Nveula  minima  f  m  great  numbers. 

This  particular  bed  of  sandstone  would  scarcely  atJract  ma^ 
ittention,  but  for  the  fact  of  its  constant  presence  in  Ike  ^rent  n 
of  false-bedded  sandstones  which  wedge  out  in  both  directions  is 
the  face  of  the  bold  cliffs  of  this  district.  It  can  easily  be  traov! 
from  the  above-mentioned  locality  to  Btea  Wyke  and  tbe  gn>t 
I'eak  fault,  between  which  points  it  is  seen  about  160  feet  abovs 
tbe  Dogger,  or  top  bed  of  the  miners,  and  about  130  feet  lwhj«f  tbn 
Millepore  bed. 

It  is  not  seen  again  in  the  cliffs  till  we  reach  Hawsker,  «nd  it 
first  comes  to  the  face  of  the  cliff  immediately  on  the  North  of  Maw 
Wyke,  from  which  point  it  continues  to  High  Whitby,  and  after 
turning  inland  for  a  short  distance,  once  more  reappean  just  North- 
west of  Saltwich  Nab.  From  this  point  it  ooutinues  to  the  mouth 
of  Whitby  Harbour,  where  it  is  the  capping  rock  of  the  East  CIi£ 

In  all  this  long  exposure,  though  the  bed  preserves  the  same 
lithological  appearance,  it  contains  very  few  fossils,  and  ivould  have 
remained  unnoticed  perhaps,  but  for  the  fact  of  it«  far  better 
development  inland.  At  Whitby  its  only  remarkable  feature  is  the 
sudden  development  of  a  false-bedded  conglomerate  in  the  midst  of 
the  sandstone ;  a  condition  which  can  be  well  seen  on  ascending 
the  Old  Church  Steps  on  the  East  Cliff- 
Inland  we  have  to  go  as  for  as  Qoathland  on  the  Whitby  ud 
Pickering  Bailway,  before  seeing  tbe  typical  section  of  what,  in 
spite  of  its  thinness,  we  believe  to  be  an  important  marine  bed  in 
the  groat  Estuarine  aeries  of  East  Yorkshire. 

About  500  yards  down  the  stream,  Eller  Beck  (from  which  we 

Kropose  to  call  it  the  £ller  Beck  bed),  below  Goathland.  and  a 
ttle  below  the  picturesque  village  of  Damholm,  is  a  small  Force  of 
about  seven  feet  fall,  the  Force  being  caused  by  a  close-grained  very 
hard  sandstone,  well  bedded  and  fiaggy  at  the  base,  and  passing 
insensibly  into  a  shale,  identical  in  appearance  with  the  shales  of  the 
Iroostooe  series  of  the  Middle  Lias.    The  following  is  the  aecticm,  in 
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desceDding  order,   at  this  point,  called  Walk-mill  Force,   on  the 
Six-inch  Maps : 

!a)  Ten  feet  of  Sandstone,  hard  and  dense  at  top ;  flaggy  at  base. 
b)  Four  feet  of  shale,  ferruginous  and  sandy  in  upper  part,  much  resembling 

the  shales  of  the  Middle  Lias  Ironstone. 
(e)  Five  inches  of  dense  earthy  ironstone. 
Id)  Five  feet  of  shales,  similar  to  {b). 

{e)  Fourteen  inches  of  ironstone  weathering  into  blocks,  and  full  of  com- 
minuted fossils. 
(/)  Shales  of  Estuarine  series. 

(a)  This  sandstone  has,  I  think,  been  noticed  by  Mr.W.  H.  Hudleston, 
F.G.S.,  in  a  paper  on  the  Lower  Oolites  of  Yorkshire,  read  before 
the  Geologists'  Association  in  November,  1873,  and  published  in 
Aagust,  1874.  The  bed  is  remarkable  for  the  density  of  the  upper 
part,  which  causes  it  to  weather  out  as  a  small  overhanging  cliff  in 
the  steep  sides  of  the  gorges  of  the  district,  by  which  character 
alone  it  may  be  at  once  identified.  The  lower  part  being  softer 
weathers  away  more  rapidly.  According  to  Mr.  Hudleston  the  fossils 
found  in  it  are  Pholadomya  Scemanni  and  a  Modiola,  the  latter  of 
which  I  have  found  myself.  The  sandstone,  however,  contains  but 
few  fossils,  and  those  very  much  scattered,  and  badly  preserved. 

The  thin  bed  of  Ironstone  (c)  contains  a  very  large  number  of 
fossils,  but  in  most  cases  the  shell  is  replaced  by  a  white  earthy 
powder,  or  paste;  and  the  complete  preservation  of  the  shell  is 
rare,  thus  causing  some  difficulty  in  the  identification  of  the  species. 

The  following  are  the  more  abundant: — Littorina  sp.,  Astarte 
mimma,^  Nucxda  lachryma,^  Trigonia  striata,*^  Cardium9  sp.,  Ceri- 
thium  quadrivittatum  (?),  Pinna  cuneata  (?),  Gervillia  acuta ^  Cucullcsa. 

There  are  several  other  species,  but  undeterminable  from  their 
occurring  only  as  casts.  In  the  middle  of  the  shale  below  is  a  thin 
aluminous  band,  very  soft,  and  tasting  strongly  of  alum. 

(e)  This  bed  of  ironstone,  first  mentioned  by  Bewick,  is  a  nearly 
white,  hard  stone,  full  of  comminuted  shells,  and  much  resembling 
the  lower  part  of  the  Pecten-band  (Middle  Lias)  at  Grosmont.  Ita 
characteristic,  however,  is  the  extraordinary  abundance  of  a  Phola- 
domyay  which  occurs  chiefly  in  the  weathered  joints  of  the  ironstone, 
and  in  such  numbers  that  a  hundred  full-sized  specimens  may  be 
collected  in  a  few  hours.  It  also  contains  a  MyactteSy  vertically 
imbedded,  in  considerable  numbers ;  the  other  fossils  being  much 
the  same  as  those  in  the  bed  above,  only  not  occurring  in  such  good 
preservation. 

This  bed  of  ironstone  is  about  120  feet  above  the  top  of  the  Upper 
Lias  in  this  district ;  the  whole  Estuarine  series  being  much  thinner 
than  at  Peak. 

It  is  in  Winter  Gill,  however,  a  small  tributary  of  Glaisdale  Beck, 
about  five  miles  west  of  the  Eller  Beck  section,  that  this  marine 
bed  attains  its  greatest  known  thickness,  as  well  as  its  most  interest- 
ing development  Unfortunately  a  climb  of  nearly  800  feet,  over  a 
rather  rough  road,  will  probably  deter  all  but  the  more  ardent  spirits 
from  studying  the  section  that  is  here  so  well  shown. 

*  Ahundant. 
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ixibutaries.  It  has  been  seen  in  Hartoft  Beok,  at  the  head  of 
Glaisdale,  and  of  Grange  Becks,  and  lately  my  colleague,  Mr. 
C.  F.  Strangways,  has  found  it '  in  a  small  tributary  of  the  Eye, 
where  the  ironstone  is  2ft.  6in.  thick,  and  has  a  close  resemblance 
to  a  similar  seam  in  the  Middle  Lias. 

In  the  north  and  east  the  whole  fossiliferous  part  of  the  bed  thins 
away  gradually,  until,  at  Loftus  Railway  Station,  there  is  a  section 
of  Uie  shales  with  thin  wedges  of  shaly  ironstone,  the  whole  being 
only  two  feet  thick,  and  containing  but  few  fossils ;  chiefly  a  small 
Chryphaa. 

At  Eettleness,  however,  there  is  a  section  showing  the  typical 
sandstone,  ferruginous  in  parts,  with  about  eight  feet  of  shale 
beneath.  About  six  to  seven  feet  down  in  this  shale  is  a  thin  band 
of  fine  dense  ironstone-doggers ;  their  base  being  a  mass  of  fossils, 
mostly  the  small  Oryphaa,  but  with  occasional  nests  of  Astarte 
minima,  Nuctda  minima,  Littorina,  and  a  few  other  fossils,  all  small, 
and  apparently  dwarfed.  Below  this  is  a  foot  of  shale,  perhaps 
more,  resting  on  a  bed  of  hard  ironstone,  about  a  foot  thick,  sandy 
at  the  base,  and  the  upper  part  having  a  blue  tint  and  of  an  oolitic 
structure.  Beneath  this  ironstone  again  is  a  mass  of  false-bedded 
sandstone. 

I  believe  that  this  Gryphcea  (?)  is  figured,  but  not  specifically 
named,  in  Phillips's  Geology  of  Yorkshire  (3rd  edit  pi.  ix.  fig.  26) ; 
and  from  its  appearance  always  at  the  top  or  base  of  these  thin 
marine  beds,  I  feel  sure  it  is  essentially  a  brackish- water  shell ;  and 
from  its  occurrence  alone  in  the  Loftus  section,  and  being  only 
accompanied  by  a  few  small  species  at  Eettleness,  we  may  venture 
to  say  that  the  bed  dies  out,  or  at  least  becomes  less  marine  in 
character  as  we  go  north  and  east,  and  thickens  south  and  west, 
as  is  proved  by  the  rapidly  increasing  thickness  of  the  fossiliferous 
ironstone  going  from  the  coast  to  Goathland,  Glaisdale,  and  Eyedale. 
At  the  same  time  we  believe  it  to  become  thinner  again  south  of  a 
certain  point  which  we  cannot  yet  accurately  define ;  the  whole  bed 
forming  an  extremely  thin  but  very  persistent  wedge,  over  the 
whole  of  the  East  Yorkshire  area. 

This  sandstone  bed  is  interesting  archsBologically,  as  its  outcrop 
is  often  marked  by  old  heaps  of  soorisd ;  the  thin  bands  of  ironstone 
in  the  sandstone  being  the  source  of  the  ore:  the  two  beinds  of 
ironstone  that  occur  in  the  shale  underlying  never  having  been 
used.  Holey  Pits,  near  Egton  Bridge,  show  a  number  of  small 
holes  formerly  made  in  the  sandstone  in  order  to  win  or  obtain  the 
ironstone. 

This  short  notice  is  sent  in  the  hope  that  others  may  carefully 
study  the  fauna  of  the  lower  band  of  Ironstone,  from  which,  in 
the  Hyedale  district,  a  large  addition  may  be  made  to  the  present 
number  of  known  species  of  fossils.  A  fuller  description  of  the  bed 
will  be  published  in  the  Survey  Memoir  on  the  districts  in  which  it 
is  so  well  displayed. 


V, — NoTEB  OS  Crbtacbous  Gasteropoda. 

Bj  J.  S.  G*ar«EB,  F.G.S. 

(PLATE   xri.) 

[N  May  last  I  had  the  honoar  of  laying  before  the  Geolosml 
Society  a  deBcription  of  all  the  known  British  CretAceoas  /■a/<JI"tt 
iDtl  patelloiil  Gastcropoila.  Siuce  then  the  well-luiowa  coltcctur, 
Sriffitha,  of  Folkestone,  has  forwarded  to  me  n  new  limpet  Una 
3ythe,  which  nppeara  to  belong  to  the  genua  Hipponyx.  The  finiUiig 
»f  B  Bliell  of  Ibis  genua  is  remarkable,  as  hitherto  the  shelly  bases  irere 
he  only  iudiiations  of  the  esistenoe  of  J/ipponyx  in  Cretaceous  nicb 
n  England,  whilat  Capviiw  Duiikerianni.  d'Orb.,  wa»  the  only  shdl 
iQ  the  Continent,  of  this  agu,  whiob  could  be  referred  to  the  genu. 
Hipponyx  neoeomientiM,  sp.  n.  PI.  XVL  Fig,  1. 
Lower  Greensand,  Hythe. 
Conical,  cap-shaped,  very  elevated,  front  flattened  and  com- 
tressed,  posterior  flattened  and  slightly  hollowed,  margin  slightlr 
[Uadrate.  Tlie  cast  shows  the  shell  to  have  been  very  thick,  mi 
here  are  indications  of  coarse  ribbings ;  the  beak  was  probably  solid 
jad  overhung  the  posterior  mai^n.  The  dimensions  are  large,  is 
leen  by  a  reference  to  the  figure.  The  great  size  of  this  and  sll 
Sasteropods  from  Hythe  compared  with  ihoee  from  other  BritiJi 
jower  Greensand  localities  is  truly  remarkable. 

Dentaliitm  major,  sp.  nov.  PI.  XVI,  Fig.  2. 
Crist  bed.  Grey  Chalk,  Dover. 
Tubular,  symmetrical,  slightly  carved,  very  gradually  taperini:; 
surface  evenly  striated  near  the  apex,  plain  and  rather  rugnse  towards 
the  aperture.  This  is  one  of  the  alated  forms,  remains  of  slight 
bordering  keels  being  visible  here  and  there  on  the  figured  speciro^ii. 
and  more  perfectly  on  others.  The  tube  was  probably  elliptical. 
Dimensions :  length  4?  inches,  breadth  at  aperture  §lh  of  an  incb. 

This  is  the  largest  Denlalium  known,  exceeding  D.  grandU  from 
Japan  in  size  by  about  an  inch.  Portions  were  found  by  me,  during 
my  last  visit  to  Folkestone,  in  the  cast  bed,  where  it  appears  to  be 
common.     The  figured  specimen  was  found  by  GritSths. 

The  Figures  3  to  IS  are  drawn  from  specimens  kindly  lent  by  Mr. 
Thomas  Jesaon,  F.G.S.,  late  of  Trinity  CoUege,  Cambridge,  and  unite, 
it  appears  to  me,  the  following  species  from  Cambridge. 

1.  Crepidvla  gavltina,  Buvignier. 

2.  Calyptr<sa  Ceofeaontix,  8eeley=C.  lancUt-emciB,  Pict.  et  C-anip. 

3.  (?)    Crepidula  atta,  Seeley. 

The  depressed  form  (Figs.  3,  4,  5,  20)  known  as  CrepidaJa 
gavitina,  also  found  at  Folkestone,  is  perhaps  a  young  form,  and.  from 
its  flattened  appearance,  seems  to  have  been  fixed  inside  the  apertures 
of  shells.  Figure  20  is  taken  from  the  specimen  originally  described 
hy  Seeley.'  The  higher  form  known  as  Calyptraa  Coolttonia,  Seeley 
(FigB.  6  to  19),  may  have  been  occasionally  attached  to  the  outside  of 
ihellB,  as  similar  differences  according  with  the  position  of  attach- 
lent  may  be  seen  in  the  forms  of  recent  Calyplrieidte  in  the  cases  at 
^British  Mnseum.  No  character  is  discernible  by  which  the 
»  Bee  (i.  J.  Q.  B.,ll.K3,\«n,v'»a\- 
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two  may  be  separated.  Fig.  19  represents  the  specimen  originally 
figured  by  Prof.  Seeley,  which  is  lent  to  me  by  die  kindness  of  the 
Curator  of  the  Woodwardian  Museum.  Fig.  21  is  a  drawing  of 
Crepidula  altaj  Seeley,  which  still  remains  an  unique  and  perhaps  a 
distinct  shell,  although  I  hesitate  to  accept  it  as  such  in  a  group,  the 
individuals  of  which  are  liable  to  such  extreme  variation.  Curious 
instances  of  this  variation  occur  in  the  apertures  of  Fusus  longcBvus 
from  the  Paris  Basin,  in  the  British  Museum,  in  which  Capulidce  are 
flattened  and  even  take  the  crescentic  form  of  the  aperture  of  that  shell. 

Fig.  3a  represents  Crepidida  gaultina,  considerably  enlarged  and 
looking  down  upon  it,  and  shows  the  helicoid  apex  which  Dr.  J. 
Gwyn  Jeffreys  notices  as  being  common  to  all  the  limpets.  In  this 
species  it  is  especially  persistent,  and  is  very  distinctly  visible  in  the 
cast,  and  also,  but  less  so,  in  the  perfect  shells  from  Folkestone. 

Fig.  66  is  the  apex  alone,  and  shows  the  fine  transverse  ribbing 
with  which  it  is  always  internally  ornamented.  Figs.  6a,  8a,  bb 
are  other  views  showing  the  position  of  the  helicoid  apex,  but  are 
enlargements  of  shells  said  to  be  Calyptrcea  Coohsonim.  Fig.  4a  is  a 
view  looking  down  upon  C.  gaultina.  Fig.  46  shows  the  crater-like 
scar,  highly  magnified,  which  is  left  on  the  cast  after  the  removal  of 
the  helicoid  spire.  This  is  the  imperfect  state  in  which  most 
specimens  are  found. 

The  great  variety  of  scar  left  after  the  removal  of  the  septum 
is  well  seen  in  this  series.  As  I  am  informed  by  Mr.  Jesson  and 
the  Eev.  Arthur  Buxton  that  the  casts  of  these  shells  are  abundant, 
when  diligently  searched  for,  in  the  apertures  of  Cephalopods  in  the 
Cambridge  beds,  there  will  be  no  diflSculty  in  confirming  the  correct- 
ness of  my  proposal  to  unite  the  several  forms  in  a  single  species. 
In  this  case  Buvignier's  name  would  have  priority. 

Fig.  22  represents  Brachystoma  angularis,  Seeley.  The  genus  was 
proposed  by  me  in  this  Magazine  last  year  to  receive  this  rare  shell, 
and  is  placed  in  the  family  of  Aporrhaidm,  I  had  then  no  space  to 
figure  the  Cambridge  specimens  (two  in  number),  which  are  now 
in  the  Woodwardian  Museum,  and  I  embrace  this  opportunity  of 
figuring  one  of  them,  as  they  are  of  larger  size  than  the  still  unique 
specimen  from  the  G^ult  of  Folkestone. 

VI. — Across  Europe  and  Asia. — ^Travelling  Notes. 

By  Professor  John  Milne,  F.G.S.  ; 

Imperial  College  of  Engineering,  Tokei,  Japan. 

(Continued  from  p.  518.) 

VII. — Irkutsk  to  Lake  Baikal. 

Contents. — Irkutsk;  its  Earthquakes — Gold- washing  in  Eastern  Siberia— Method 
of  sinking  to  the  bottom  of  a  river  through  a  shaft  of  ice — Road  to  Lake 
Baikal— Kound  its  southern  end— Old  lake-terraces— Its  former  extension — 
Origin  of  its  basin— Bearing  of  its  Fauna  on  its  origin — Is  it  a  pool  left  behind 
a  flood  P 

WHILST  in  Irkutsk  I  had  many  opportunities  of  conversing 
about  the  earthquakes  which  sometimes  disturb  these  Central 
Asian  localities.  Not  long  before  my  arrival  in  the  town,  a  sharp 
shocks  had  been  experienced.     The  general  effect  it.  ^^^^^^^  ^^^ 
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j^ven  to  me  by  Miss  Cathleen  Campbell,  now  Mrs.  Szlenker,  wlio 
had  been  keeping  a  record  of  meteorological  and  other  phenomeni. 
The  shock  took  place  at  2*55  a.m.  on  the  4th  September.  It  w«8  hI 
first  felt  in  a  direction  from  ea«t  to  west,  but  after  If  minutes  it 
changed  to  N.E.  and  S.W.  The  shock,  which  was  severa,  cauied 
ornaments  on  the  table  to  rattle,  and  a  few  bottles  which  were  doee 
together  knocked  each  other  with  so  much  force  that  they  fell  over. 
Tliere  were  thirteen  of  them,  and  they  tumbled  in  various  directions 
— nine  fell  on  the  table,  and  four  were  broken  on  the  floor.  Watcbes 
and  clocks  were  stopped,  and  screws  1^  in.  long,  fastened  in  the 
wall  to  keep  a  clock  straight,  were  drawn  out  Preceding  this  shock, 
from  observations  which  I  saw,  the  barometer  appears  to  have  been 
lower  than  usual. 

From  a  list  of  earthquakes  drawn  up  by  MM.  Orlof  and  Stnikin 
as  having  occurred  between  the  years  1725  and  1874,  there  appear 
to  have  been  at  least  188  different  days  on  which  shocks  were  dis- 
tinctly felt  As  these  were  all  perceptible  to  the  inhabitants,  and 
not  such  as  needed  delicate  instniments  in  order  that  they  should  be 
recorded,  we  cannot  well  make  comparisons  as  to  their  frequencr, 
but  only  as  to  their  relative  intensity. 

The  severest  of  these  happened  at  the  end  of  the  year  1861.  The 
district  where  the  effects  were  most  observed  was  near  Irkutsk  and 
along  the  shores  of  Lake  Baikal.  On  the  N.E.  portion  of  the  delta 
formed  by  the  River  Selinga  where  it  enters  the  Baikal,  the  effects 
were  permanent.  This  district,  which  was  violently  diaturbeti  is 
about  forty  versts  long  and  20  vorsts  wide,  and  runs  along  the  shores 
of  the  lake.  On  this  strip  of  land  were  situated  the  Kussian  villa^j^es 
of  Kudara,  Doobeenoena,  Oimoorclii,  and  a  Bourat  village,  with  \\ 
population  amounting  in  all  to  1300. 

The  iirst  shocks,  which  were  light,  took  place  on  the  29r}i 
of  December.  Next  morning  they  were  stronger,  and  on  the 
succeeding  night,  that  is,  between  the  30tli  and  31st,  they  not  only 
increased  in  number,  l>ut  their  power  also  increased.  On  the  aficr- 
noon  of  the  31st.  at  3  p.m.,  a  heavy  underground  rambling  was 
heard,  and  this  was  followed  by  a  series  of  shocks  so  strong  \\\\X 
it  was  impossil)le  for  persons  to  remain  standing.  Barrels  in  a  yapl. 
each  containing  twcnt}^  ponds  (720  lbs.)  weight  uf  fish,  were  R^llel 
liackwartls  and  forwards  from  one  end  of  tlie  vard  to  the  other.  In 
tlie  yard  an«l  in  the  street  tlie  earth  was  cracked,  and  water  charg'^l 
witli  mud  issued  from  the  crevices  thus  formed.  In  sonic  of  tlie 
wells  water  rose  like  a  ''  fountain  "  a  fathom  or  more  in  heiglit. 
Some  of  the  fissures  formed  springs  of  clear  fresh  water,  one  of 
wliicli,  issuing  from  a  crack  about  one  arsheen  (28  inches)  wnde,  and 
two  fathoms  (12  feet)  deep,  gave  so  much  water  that  a  small  lake 
was  formed  a  verst  in  area.  In  the  village  of  Krasnikova  a  holL»w 
j>lace  twenty  fathoms  wide  and  three  fathoms  (18  feet)  deep,  with  a 
spring  in  it,  was  formed. 

In  a  church  at  the  village  of  Kudara,  the  shocks  were  so  strong 
that  the  cupola  fell  down  inside,  breaking  a  chandelier  which  was 
hanging   beneath.      In   the   houses  at  the   same   village   so   much 
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mud  and  water  came  out  of  the  cracks  which  were  formed,  that  the 
boards  forming  the  floors  were  burst,  and  the  streets  were  covere<l 
with  water  one  arsheen  (28  inches)  deep.  On  the  same  day  the 
water  of  the  Baikal  flowed  over  the  Sagansky  Steppe  and  the 
Bourat  villages  which  were  situated  upon  it.  On  New  Year's  Day, 
1862,  the  water  of  the  Baikal  flooded  all  the  land  as  far  as  the 
Steppe  of  Bartogoisky.  Three  thousand  five  hundred  head  of  cattle 
were  drowned,  and  upwards  of  40,000  hayricks  were  washed  away, 
whilst  com  and  other  things  were  also  destroyed.  Near  to  the 
Baikal  the  water  was  four  arsheen  deep  (9ft  4in.),  and  near  Soliuga 

i arsheen  (7  in.).     The  force  of  this  flood  of  water  was  very  great, 
any  pieces  of  ice  several  yards  square  and  ^  arsheen  (14  in.)  in 
thickness  were  carried  to  distances  of  two  versts  (1^  miles). 

The  direction  of  the  shocks  was  from  N.E.  towards  S.W.,  through 
Gabansk,  towards  Selenginsk  and  Lake  Gooseenoi.  In  Selenginsk 
the  first  shock  was  on  the  30th  December,  at  4  p.m.  Next  day 
there  were  a  series  of  slow  shocks,  which,  in  the  afternoon,  at  2  p.m., 
had  increased  in  strength.  Noises  and  tremblings  were  felt  con- 
tinuously. The  church  bell  rang  of  its  own  accord,  whilst  the 
building  itself  swayed  from  north  to  soath,  and  the  crosses  on  its 
summit  were  tipped  over  to  one  side.  The  shocks  were  repeated 
rapidly,  and,  as  night  came  on,  they  had  so  increased  in  strength  that 
the  earth  oscillated  every  two  or  three  minutes.  By  these  strong 
oscillations  the  ice  covering  Lake  Goosenaya  and  Lake  Stuchya  was 
cracked,  and  from  the  cracks  came  forth  water  charged  with  mud  and 
pebbles.  In  Yerkne  Udinsk  the  shocks  commenced  at  4  p.m.  on  the 
80th  December,  and  during  the  day  fourteen  of  them  were  observed. 
At  3  P.M.  next  day  they  were  so  strong  that  stone  houses  were 
cracked,  stove  pipes  shaken  down,  and  window  glass  was  broken. 
Tremblings  were  observed  so  far  as  Chita  and  Nertchinsk.  In 
Irkutsk  observations  were  made  by  MM.  Shookeen  and  Semen- 
tovsky.       The    tremblings     commenced    on    December    30th,    at 

3  h.  55  m.  40  sec.  p.m.  The  force  of  the  shocks  and  the  rapidity  of 
the  tremblings  were  unusual.  The  breaking  of  the  ice  upon  the 
Rivers  Angara  and  Ooshankofa  caused  great  noise.  During  the 
night  there  were  many  shocks.  At  2*19  p.m.,  on  the  31st,  the 
churches  were  shaken  and  the  bells  rang.  From  one  church  a  cross 
fell  down,  the  Arcanglesky  Church  inclined  to  the  south,  Blagovats- 
chevsky  and  Teekveensky  churches  inclined  east,  whilst  the  cross 
on  the  last-mentioned  building  was  turned  round.  A  number  of  the 
brick  houses  were  shaken,  whilst  the  chimneys  of  the  wooden  ones 
cracked  and  fell.     Slight  shocks  continued  all  day  and  next  night. 

In  the  Tunkinskaya  country  the  effects  were  slight,  and  no  visible 
results  were  left. 

On  the  30th  Dec.,  in  the  Island  of  Olkoni  (or  Olkoon)  on  Lake 
Baikal,  there  was  heard  a  noise,  which  was  followed  by  a  shaking. 
This  continued  until  the  13th  January,  generally  happening  from 

4  to  7  o'clock  daring  the  day.  The  greatest  shakings  were  on  the 
31st  December.  Bumblings  and  slight  tremblings  were  more  or 
less  felt,  usually  twice  a  day,  until  the  25th  of  January. 
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^m     At  tbe  settletnont  of  Oorodcofakim,  wbich  is  nbunt  20  v 

H*  Irkulab.  nn  iron  tie  was  torn  from  a  churcli,  and  great  damage  « 
doue.  llie  eouthem  bonndary  of  the  earthquake  passed  tlirou^  U 
and  Mongolia,  and  was  purueptible  at  all  iilaues  about  the  suno  ' 

Earlliquukes  continued  during  tlie  niODlbs  of  Janaarj-,  F*br 
and  Gveu  March,  fow  days  pasiting  wilbont  shocks  being  foJL 

In  ISTO  to  1871  strong  shocks  were  also  felt  near  iTkiitsic.  ' 
were  preceded  by  Bounds  like  those  of  a  powerful  wind.  Cm 
fell  from  the  churches,  and  the  ice  in  the  Angara,  which  was  fni 
at  the  time,  moved  up  and  down.  One  observer  assured  me  lU 
Iho  upright  plaukfi,  which  formed  the  wall  of  the  room  in  vkicb 
he  slept,  had  danced  vertically  up  and  down.  "When  at  Uie  oth« 
extremity  of  Siberia,  on  my  road  towards  Irkutsk,  I  had  haird  sovif 
thing  about  the  violence  of  tho  eartbqunkes  which  I  might  pe^ 
chance  have  the  opportunity  of  exjwriencing.  In  oonaequonce  nf 
the  Sf^vc'rity  of  the  shocks  I  had  also  heard  that  the  houses  wen 
only  built  one  story  high ;  hut  this  is  nut  tbe  cose,  for  I  foood 
that  huildings  soared  almost  as  high  in  the  Eastern  capital  n 
they  do  in  the  Wesl«m.  All  the  earthquakes,  like  tlioso  of  whii^  I 
have  spoken,  have  been  accompanied  by  an  underground  noiie. 
During  tlie  daytime  the  trembling  of  the  buildings  con  be  seen  u 
well  im  felt.  The  smaller  Hhocks,  and  more  especially  such  ai  occnt 
at  night,  ore  said  to  be  indicated  by  the  bellowing  of  oatll*^,  the 
notching  of  horses,  and  the  howling  of  dogs.  The  general  djiwlion 
of  thu  t.lj.i,-!;s  is  fr..uL  N.E.  lo  S-AV.  T  iv.ls  (ol.i  iLiil  «],<.-i,  ..„Ij-:. 
slight  shock  was  felt  in  Irkutsk,  it  oft^n  happened  that  something 
more  severe  was  felt  in  the  valley  of  the  Tunka,  about  60  mites  to 
the  S.W.  This  latter  district  is  looked  upon  as  being  the  centre 
from  which  the  greater  number  of  the  Irkutsk  earthquakes  originate, 
a  circumstance  which  may  be  supposed  to  have  a  connexion  with 
the  traces  of  volcanic  action  found  in  that  district.  Indicationi  of 
volcanic  forces  are  to  be  found  at  other  points  in  the  vicinity  of 
Irkutsk,  besides  those  in  the  valley  of  the  Tunka  :  thus  round  Lake 
Baikal,  in  addition  to  old  lavas,  there  are  still  hot  spriugs  and 
mineral  waters.  A  liquid  asphalt,  which  sometimes  rises  to  the 
surface  of  the  lake,  is  also  referred  to  the  same  origin.  On  tbe 
Yerkne  Angara,  south  of  Nijni  Udinsk,  and  near  Selenginsk,  oa 
the  east  side  of  the  Baikal,  there  are  also  volcanic  rocks ;  but  I 
shall  speak  again  of  these  presently. 

Some  few  earthquakes  appear  to  have  originated  from  the  neigh- 
bourhood of  the  Baikal,  or  even  from  the  lake  itself.  These  earth- 
quake shocks  occur  at  all  times  of  the  year,  and  are  not  confined  to 
particular  seasons,  as  they  appear  to  be  in  many  localities.  After  a 
great  earthquake,  as  tliat  of  1861,  there  is  generally  a  period  of 
quiescence,  as  if  the  internal  forces  were  exhausted,  and  were 
therefore  necessitated  to  await  a  frtsh  accumulation  of  energy. 

The  first  record  of  an  earthquake  is  that  of  1725.  This  seems 
strange,  insomuch  as  the  town  was  built  in  1686,  and  the  place  had 
been  inhabited  since  16^2.  From  this  we  may  infer  that,  prior  to 
the  date  of  the  first  shock,  there  must  have  been  a  quieeceat  period 


« 

Frof.  Milne — Across  Europe  and  Asia.  561 

of  at  least  thirty-nine  years  and  perhaps  more  than  seventy  years. 
The  only  other  explanation  for  this  lapse  of  time,  which  is  without 
an  analogue  in  the  subsequent  history  of  the  Irkutsk  earthquakes,  is 
that  perhaps  the  records  were  either  not  kept  or  else  have  sub- 
sequently been  lost  One  remarkable  statement  I  heard  was  that 
small  earthquakes  occurring  on  one  side  of  Lake  Baikal  are  not  felt 
upon  the  opposite  side.  Such  being  the  case,  we  might  perhaps  infer 
that  there  is  some  peculiarity  in  the  depth  or  formation  of  the  lake 
which  prevents  vibrations  which  originate  on  one  side  passing  to  the 
other.    I  shall  have  more  to  say  about  this  lake  bye-and-bye. 

Since  arriving  in  Japan,  at  certain  seasons  I  have  had  almost  a 
weekly  experience  of  earthquakes.  The  month  after  my  arrival, 
which  was  in  March,  1876,  there  were  no  less  than  ten  shocks  re- 
corded, whilst  during  the  year  there  were  fifty-three.  Although 
these  Japanese  earthquakes  are  in  most  cases  perceptible  without  the 
aid  of  instruments,  they  are  by  no  means  so  strong  as  those  I  have 
been  describing.  They  usually  commence  as  a  slight  shock,  which 
is  followed  by  an  easy  short  horizontal  vibration,  producing  a  sensa- 
tion as  if  you  were  supported  on  a  mass  of  stiffish  jelly  which  had 
been  slightly  agitated.  The  timbers  in  your  house  crack,  whilst 
glasses  and  windows  rattle.  This  usually  lasts  for  about  thirty 
seconds,  after  which  all  is  quiet  At  first  the  sensation  is  curious, 
but  by  repetition  it  becomes  unpleasant. 

As  at  Irkutsk  and  other  localities,  the  lower  animals  are  affected. 
This  is  chiefly  noticeable  in  the  pheasants,  which  I  hear  screaming 
in  my  garden  at  every  shock.  They  sometimes  herald  its  approach 
a  few  seconds  beforehand,  and  then  usually  continue  their  calling 
until  the  movement  ceases. 

When  speaking  of  my  journey  across  the  Urals,  I  made 
reference  to  the  gold-mines  which  I  saw  there.  Although  these 
mines  were  chiefly  represented  by  alluvial  workings,  a  few  open- 
ings, as  at  Berezovski,  had  been  made  upon  lodes  of  quartz.  In 
Eastern  Siberia  this  latter  class  of  work  has  not  yet  been  developed, 
but  the  former  class  has  been  very  largely  carried  out  The  chief 
workings  are  upon  the  Lena,  as  far  north  and  even  farther  than 
Yakutsk,  and  in  the  Trans-Baikal  and  Amoor  districts,  as  at 
Nertcbinsk.  Gk)ld  is  aldo  worked,  but  to  a  small  extent,  upon  the 
Mongolian  frontier.  Here,  however,  but  little  has  been  done;  chiefly 
owing  to  difficulties  which  arise  with  the  Chinese  and  Native  tribes, 
who,  refusing  to  pay  duty,  wander  backwards,  and  forwards  across 
the  frontier,  opposing  or  escaping  all  Government  officials. 

From  all  that  I  could  learn,  gold  is  found  in  greater  or  less 
quantities  almost  everywhere.  The  gold  which  comes  from  the 
northern  districts,  as  the  Lena,  is  generally  the  poorest,  containing 
the  greatest  per-centage  of  silver  and  copper. 

As  an  average  analysis  of  96  parts  of  East  Siberian  gold,  I  may 
give  the  following —  total. 

Amoor  gold    9  If  gold    4  silver    ^copper  =96 

Amoor  gold    92       „       3f    „        f      „      =  96 

Lena  (Yakutsk)     ...    86^    „      9i    „       |      „      =  96 

DBCAOB  U. — ^TOL.  IV.— HO.  XU.  ^^ 


Pn^,  MilMe — Aerots  Sunpe  and  Atia. 


Eteifl 

imihl 


nil  wotild  mggwt  tbat  the  oonataDo;  in  Oie  general  ahancteif 
flw  gold  obtained  from  the  Lena,  u  eompared  with  thai  finm  ' 
Amoor,  u  eiflier  due  to  tkeir  having  origin&ted  from  di^rent  mhh 
m,  what  k  peib^w  U  probable,  that  those  great  cnosee  which  tdui 
ia  iMjing  ont  Uw  beds  of  alluvium  in  which  they  occur.  aUo  mwJ 
m  ■qMnting  the  wiom  qualities  of  gold  «LCcordmg  to  their  iCEp» 
Itre  moifio  gmtitim,  ttiat  which  was  light  being  carried  fiutkd 
ftom  ita  BODTOe  M  ocmpaixei  with  that  which  was  heavier.  If  llxn 
it  KOj  probiUli^  of  MoIi  an  action  ever  having  taken  place,  tto 
we  mi^t  ani^KMb  flut  iLo  gold  of  the  Lena  district  has  travelM 
ftrther  from  iti  nigiit  fii&n  tliat  in  the  Amour. 

Ia  fbe  oonridanfion  of  auch  an  action,  the  nvertige  relative  attt  tif 
die  tranqwrtad  partiolM  ia  an  importaot  factor.  In  the  gold  of 
Xutem  Siberk  moh  metals  aa  platinum  or  iridium,  which  on  K 
flommon  in  tite  Cftll,  an  but  i>eldom  found.  A  little  is,  however, 
obtuned  ftom  ttte  waahiDgB  at  Nertchinak. 

Whilst  m.IiknlA  Ijpaid  several  visits  to  the  smelting  worh, 
where  aU  the  cold  <rf  Eastern  Siberia  is  cast  into  in^t&.  Tliere  it 
a  dmilar  eatiUMWumnt  nt  Barnaul  for  Western  Siberia.  At  thw 
works  I  bad  eroy  optrartunity  Idndly  given  me  of  esauiiiiiog 
large  qn&ntitiM  of  gold  &om  various  localities.  The  bulk  of  wh)l 
I  saw  was  more  W  len  rou^^hly  granular,  many  of  the  graiiu  heii^ 
aa  large  aa  peas.  I  saw  many  indications  of  the  formation  of 
arystale,  from  which  I  ooucluded  that  such  gold  had  not  trovplled 
very  far  from  the  position  in  which  it  had  l)een  originally  dfpo>iieii. 

The  gold  mining  all  over  Riishib  is  under  Government  coutroL 
which  always  specifies  that,  after  ohlaiuiug  tt  grant  of  lanJi 
one  must  commence  lo  work  upon  it  within  a  given  time.  Tba 
places  which  are  generally  worked  are  the  bonks  and  beds  of  small 
tributary  rivers,  but  more  especially  the  beds.  Noor  the  month  uf 
the  river  the  yield  is  generally  less  than  it  is  higher  np.  In  swi 
places  the  alluvium  may  be  sixty  feet  in  thickness,  whilst  the  bed 
containing  the  gold,  which  may  be  below  all  this,  is  only  peihaps 
seven  feet  in  thickness.  Tlie  workings  generally  commence  at  the 
mouth  of  a  stream,  and  work  up  the  valley  down  which  it  Sows  to- 
wards its  source.  The  first  operation  is  to  sink  a  number  of  tnal 
shafts  at  right  angles  to  the  direction  of  the  valley.  These  go 
down  to  the  bed  rock.  From  the  gold-sand  which  generally  lie* 
upon  this  rock  samples  of  10  pouds  each  (360lbe.)  are  t&hen,  then 
washed,  and  afterwards  the  yield  for  100  pouds  is  calculated.  After 
this  has  been  done  at  several  points,  and  the  results  are  satisfoctoi^. 
a  dam  isthrown  across  the  river,  and  the  water  is  sent  round  oiw 
aide,  along  the  edge  of  the  valley,  instead  of  down  the  course  in 
which  it  originally  ran.  If  near  the  dam  they  have  to  sink,  aay,  for 
example,  thirty  feet,  in  order  to  reach  gold,  then  they  must  also 
sink  thirty  feet  below  the  bed  at  some  point  below  these  workiogiN 
and  from  it  cut  a  drain  in  order  to  cany  off  any  water  which  may 
accumulate  at  the  point  where  they  ore  extracting  the  gold. 

This  is  only  one  system  which  is  adopted  in  mining  and  pro- 
specting.    There  are  others  specially  for  prospeotiDg,  which  are 
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aoteworthy  from  their  ingenuity.  One  system  in  particular  to  which 
[  refer  is  that  adopted  for  sinking  shafts  in  the  beds  of  rivers  with- 
>ut  the  necessity  of  making  a  dam.  This  is  done  in  winter  when 
&e  waters  are  &ozen.  First  of  all  holes  are  cut  in  the  ice  the  size 
>f  the  prospecting  shaft,  to  within  two  or  three  inches  of  the  water. 
Fhe  shallow  pit  thus  formed  is  then  allowed  to  rest  for  a  day  or  two, 
when  underneath  the  portion  that  is  cut  away  the  water  freezes,  and 
the  ice  is  again  thickened  at  the  point  where  it  had  been  made  thin. 
There  is  now  material  in  which  to  deepen  the  excavation,  which  is 
Bigain  carried  on  to  within  two  or  three  inches  of  the  water.  Once 
more  it  is  allowed  to  thicken,  and  the  shaft  is  continued.  In  thia 
way  the  bed  of  the  river  is  reached,  by  means  of  a  tube  of  ice,  round 
the  outside  of  which  water  is  flowing.  Whilst  the  operation  is  going 
on,  a  small  hole  is  occasionally  made  through  the  floor  of  ice  to  test 
it«  thickness.  After  this  has  been  meetsured,  the  orifice  is  im- 
mediately stopped  up  with  a  plug  of  ice,  and  the  excavation  con- 
tinued or  allowed  to  rest,  according  to  circumstances.  In  this  way  I 
am  told  that  many  of  the  rivers  are  tested  during  the  winter  months. 
When  good  ground  is  found,  the  river  is  dammed  up  and  the  works 
proceed  as  I  have  before  described. 

Although  Siberian  cold  is  thus  turned  to  account  by  the  pro- 
spector, it  is  often  a  great  bugbear  to  the  miners.  In  the  north  gold 
mining  is  carried  on  in  ground  perpetually  frozen.  After  this  has 
been  excavated,  before  it  can  be  washed,  it  has  first  to  go  through  a 
process  of  thawing.  Exposure  to  the  atmosphere  is  sometimes  suf- 
ficient for  this  purpose,  but  at  other  times  it  has  to  be  subjected  to  a 
process  of  firing. 

Some  of  the  Tungusians  are  said  to  have  great  skill  in  prospecting, 
which  they  do  in  a  truly  philosophical  and  scientific  manner,  their 
chief  guide  being  the  general  contour  of  the  country.  Ascending  a 
high  hill,  they  look  down  upon  the  country  beneath,  intersected 
vrith  its  network  of  streams  and  valleys.  They  then  observe  those 
places  in  the  valleys  where  a  line  of  hills,  a  projecting  ridge,  or  any 
other  object,  would  be  likely  to  offer  an  obstruction  to  the  passage  of 
materials  which  may  at  any  time  have  come  sweeping  down  from 
higher  ground.  These  positions  are  then  marked,  and  afterwards 
examined  on  similar  principles,  but  in  detail,  and  the  results  are 
generally  said  to  be  most  satisfactory. 

After  nearly  a  month's  residence  in  Irkutsk,  I  at  last  left  it  at  11 
P.M.  on  the  2drd  of  November,  and  took  the  road  towards  Eiachta. 
As  there  was  now  so  much  floating-ice  upon  the  Baikal,  and  it  was 
in  consequence  doubtful  whether  the  steamer  would  be  able  to 
cross,  I  was  forced  to  take  the  road  running  round  its  southern  end. 
Although  I  was  now  travelling  in  a  sledge,  to  which  I  had  anxiously 
looked  forward  as  a  pleasure  compared  with  a  tarantass,  I  found  the 
jolting  still  unpleasantly  heavy.  When  daylight  came,  I  found 
myself  in  a  hilly  pine-covered  country.  In  the  distance  before  me, 
and  also  a  little  to  my  right,  there  were  many  snow-capped  peaks, 
none  of  which  appeared  to  rise  above  a  common  level.  From  the 
cuttings  which  had  been  made  during  the  formation  of  the  road,  I 


loe,  aim  drove  tl 
borders  of  the  liii 
glide<l  along  over 
on  the  sides  of  & 
south  end  of  the  If 
to  be  old  lake-ter 
the  road  behind  the 
It  was  not  lon^ 
southern  end  of  th( 
along  the  face  of  1 
cliffs  above  me  on  t 
road  is  by  no  means 
Bcription.     Notwithi 
a   sea  horizon   alwn 
of  this  large  piece  ol 
miles  broad,  are  vc 
side  sloping  gently  b. 
bounded   by   almost 
Along  the  faces  of  t 
stratification,  indicati 
west.     Iliis  being  tl 
upon  the  western  she 
that  producing  the  gr 
always  formed  at  rigl 
are  cut.      Here,  hov 
prominently  at  work, 
itself,  which,  washing 
strata.     These  strata, 
and  are  afterwards  wo 
the  boundaries  of  the 
manner  to  that  in  ^^^ 
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feasible  than  the  supposition  of  its  having  been  formed  by  some 
cataclysmic  seismic  action,  as  is  sometimes  advocated. 

It  was  along  this  southern  end  of  the  Baikal  that  I  met  with  the 
beet  scenery  in  crossing  Siberia.  About  halfway  along  the  shore  I 
left  what  I  have  spoken  of  as  a  ledge,  and  descended  to  the  level  of 
the  lake.  In  places  the  shore  was  covered  with  lai^e  boulders, 
whilst  in  other  parts  it  was  sandy.  Sometimes  I  crossed  the  mouth 
of  a  small  valley,  which  marked  the  entrance  of  some  tributary 
from  the  south.  Here,  instead  of  tall  pines,  which  flanked  the 
8teeper  portions  of  the  road,  there  were  clumps  of  birch,  which 
Bwung  their  drooping  branches,  thick  with  hoar-frost,  in  the  breeze. 
At  night-time,  charging  deep  gullies  in  the  dark,  the  roaring  of  the 
waters  on  the  shore,  the  intense  cold,  the  loneliness,  and  the  gene- 
rally cramped  position  in  which  I  was  obliged  to  sit  both  night  and 
day,  had  a  miserable  and  depressing  effect  Along  the  road  I  only 
met  two  men,  and  this  happened  under  circumstances  so  suspicious 
that  I  congratulated  myself  when  they  were  well  passed.  After 
Toanding  the  southern  end  of  the  lake,  I  had  a  full  view  of  the  cliff- 
feiced  hills  upon  the  western  side,  which  were  then  capped  with 
snow.  Nearer  to  me  I  had  small  fields  of  ice,  some  of  which  were 
a  square  mile  or  more  in  area,  and  amongst  which  a  few  blocks 
stood  up  like  icebergs- in  miniature. 

When  speaking  of  the  freezing  of  Siberian  rivers,  I  menKoned 
the  fact  of  the  Baikal  freezing  over  at  different  times  in  different 
parts.  Thus  in  the  vicinity  of  the  Island  of  Olkoon  it  freezes  about 
the  23rd  of  December,  and  breaks  up  from  the  end  of  April  to  the 
10th  or  I5th  of  June,  whilst  near  Posolsky,  farther  to  the  south,  it 
freezes  from  the  22nd  of  December  to  the  10th  or  16th  of  January, 
and  breaks  up  between  the  20th  of  <^pril  and  the  10th  of  May. 
There  are  small  places  in  the  lake  where  it  is  said  never  to  freeze, 
and  about  such  places  the  seals,  which  inhabit  these  waters,  are  said  to 
congregate  in  winter-time.  These  unfrozen  patches  are,  I  believe, 
looked  upon  as  marking  the  position  of  warm  springs.  In  some  por- 
tions of  the  lake  there  is  a  slight  increase  in  temperature  as  you 
descend.  The  experiments  showing  this  were  made  at  1000  metres 
from  the  shore  in  water  ninety  fathoms  deep.  At  about  ten  metres 
from  the  surface  the  temperature  was  '7  Cel.,  and  this  increased  as 
you  descended  until  the  bottom  was  reached,  when  it  was  31  Cel. 

At  all  the  post  stations  I  made  inquiries  about  the  seals  which 
inhabit  the  lake,  but  I  Hid  not  see  anything  more  than  a  few  of 
their  skins.  I  also  asked  about  shells  and  fish,  and  I  was  successful 
in  obtaining  a  few  of  the  former. 

Speaking  of  the  Lake  Baikal  seal,  Mr.  Wallace,  in  his  (Geographi- 
cal Distribution  of  Animals,  vol.  i.  p.  218,  says:  *'It  is  a  species  of 
CaUocephahs,  closely  allied  to,  if  not  identical  with,  one  inhabiting 
Northern  seas,  as  well  as  the  Caspian  and  Lake  And.  This  would 
indicate  that  all  Northern  Asia  was  depressed  beneath  the  sea  very 
recently ;  and  Mr.  Belt's  view,  of  the  ice  during  the  Glacial  epoch 
having  dammed  up  the  rivers  and  converted  much  of  Siberia  into  a 
vast  freshwater  or  brackish  lake,  perhaps  offers  the  best  solution  of 


jnnf^  Ifflia— JoHi  Emrofeamd  Ada. 

Bifora  Bi  once  aracpane  thMBTiaw*  of  Mr.  WJlh! 
ia  A*  aiofiiM  if  Ur.  Belt's  ide*  u  to  the  ooigin  of  tbe  St>M 
* '  ~i  luter  I  tiave  alrcadj  rvfert^d  at  longtli.  1  wul 
■  1  CDltectttd,  all  of  whiicb,  1  think,  ban  &  beuit; 

mn  i«  Unlik  I  Hw  a  Bukal  wtl-     It  was  rfiort  and  lUd 
MdMidtob»«jsaBgoBa.    It  bad  »  getienlly  greyish  oolov.' 


.  n«  oalj'  ml  ttat  I  luTe  Men  whicJi  b  anrtliing  1 
Bad  ii  A*  M-odled  bar  ami  of  Nevfoandlaod  and  L« 


nflHT  AbAmt  (M  ttio  ba<^  than  npoa  Ae  offa«r  (Nnttuma  of  it*  Wlj- 

Aa  tfce«Mli|^iv older,  dke  bod; decpma  in  ooloar.    On«  tbinsihri 

told  «ra«  that  thcjr  an  ncTer  marked  witli  epOUo 

^  like  tbe  Bufal 
1  Labrador,  vliicd 
nil  penoaoently  inbalHta  inlani]  lake*.  Spr- 
ing fkoB  mwiOti,  whi(^  is  nnrottunatrl;  of  bttt  liUle  valoc  a 
inA  ilH  th*  kIm  aklinclicmg  which  are  required  wti«D  QMabli^iBJ 
flie  idanli^  or  dntiucUou  of  two  ^tecua,  tlMwe  Utter  seals  ara  raun 
dogant  in  tll^  pioponions  than  Iboae  from  Lake  Baikal,  and.  vbi 
ia  taorai  at  oaitaiB  perii^dti  of  their  «xiateoc«,  they  have  rarioai 
UftiUna  Jewlopad  on  tbeir  skin — a  feattire  which  U  absent  is  ik 
Bafkilaeds. 

ThabcdUqaaiiBrs  of  Ibe  seal  in  Ibe  Bnik&I  Lake  ar«  at  its  nortlMn 
mA,  bnt  fai  wintw  they  collect  roand  ibuee  portions  which  are  aU 
to  remsiD  anfroMD. 

I  also  heard  tbur  mmI-  m--  Tiir^.!  h,  I.,'.-  K  -  _..|  .r..^^  tli* 
borders,  further  to  il.i-  -iirii ,  '.i    ■.  -  ■  ;  .-  ■   .  -■■liu  in 

another  lake  l^ing  to  Ibe  east,  and  in  tbe  Uron  X^ake  to  the  uortb- 
eflst  If  this  is  true,  and,  from  the  relations  which  the  fauna  of  oilier 
lakes  bear  to  that  of  the  Baiktd,  it  is  not  nnlikelv,  then  we  ibtll 
have  a  striking  piece  of  evidence  indicating  to  tu  the  probable  m; 
in  which  these  lakes  may  have  originated. 

AcToes  the  northern  end  of  the  lake  a  seriee  of  aonndings  hsn 
been  made  by  M.  Oebovsky,  of  Irkutsk,  who  also  examined  it> 
faana.  The  greatest  depth  attained  at  this  end  was  1373  feet.  In 
some  places  it  is  stated  as  being  800  fathoms.  This  is  very  deep, 
bat  if  we  were  to  draw  a  section  across  the  lake,  which  wonld  be 
about  forty-five  miles  long,  the  magnitude  of  this  wonld  be  seen  lo 
be  more  or  less  apparent.  The  bottom  consists  of  varions  materiatB, 
such  as  pebbles,  clay,  rocks,  and  sand.  He  fish  of  the  lake  form  i 
great  trade,  and  supply  many  vessels  upon  its  waters.  Many  of 
these  vessels  come  down  tbe  Angara  as  far  as  Irkutsk,  where  the; 
discharge  their  cargo.  The  commonest  of  these  fish,  which  I  had 
many  times  the  pleasure  of  eating,  were  CVre^onua  omuj  and  Leta 
vulgarit.  These  two  fish,  which  ore  known  respeotively  as  the 
omool  and  naleem,  are  to  be  seen  in  the  house  of  every  Sibenan- 
and  they  are  esteemed  so  much  that  they  may  eomedmee  be  found 
amongst  the  Russian  residents  in  China  The  omool  is  peculiar,  1 
believe,  to  the  Baikal ;  but  the  naleem  is  found  farther  west.  Other 
fish  inhabiting  the  lake  are :  Idu$  melanolut,  Acanthoptii  lama, 
ni  J'trea  /uoiatilii  ;  these  are  also   found  farther  west.     StUmo 
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'  ^uvtattlts,  Salmo  eoregonotdes,  a  CoUus,  and  Thymallus  are  also  found 
in  the  lake. 

Besides  the  seal,  called  by  some  Phoca  Baiealensis,  and  the  omool, 
which  may  be  regarded  as  being  so  far  peculiar  to  the  lake,  Coregonm 
Baicalensia,  SqucUidus  Baikalensisy  and  Calorrhous  BaikaleTms,  along 
with  other  creatures,  are  also  peculiar. 

There  are  also  many  Crustaceans  which  have  hitherto  been  only 
found  in  the  Baikal.  Amongst  these  there  are,  I  think,  seventy  or 
more  species  of  Gammarus,  These  latter,  many  of  which  I  saw,  are 
generally  of  a  light  yellow  colour.  They  live  in  holes  in  the  sand 
or  clay.  They  are  very  ravenous.  If  a  dead  body  is  sunk  in  the 
lake,  the  whole  of  the  flesh  is  devoured  in  a  few  days,  and  only  a 
skeleton  remains.  It  was  by  lowering  a  carcase  like  that  of  a  sheep 
into  the  lake,  and  by  taking  advantage  of  the  flesh-eating  tendency 
of  these  creatures,  that  many  new  species  were  captured.  Osteo- 
logical  specimens  have  been  prepared  by  sinking  them  for  a  few 
days  in  the  lake.  This  was  very  satisfactory,  as  the  whole  of  the 
flesh  was  removed  without  any  attack  being  made  upon  the  outer 
portion  of  the  bone,  as  ants  are  very  apt  to  do. 

Some  of  these,  like  O.  verrticoaus,  O.  viridia,  and  O.  canceUatuSy  live 
near  the  shore  in  shallow  water,  whilst  others  appear  to  only  in- 
habit the  deeper  portions  of  the  lake.  In  addition  to  the  Crustaceans, 
Llike  Baikal  yields  a  peculiar  series  of  Mollusca. 

Some  interesting  experiments  have  been  made  here  by  M. 
Debovsky  as  to  the  depth  at  which  these  creatures  can  exist. 
One  of  these  experiments  was  to  place  living  specimens  of  Pahidina 
Baicalensia  and  Choanomphalua  Mackii  in  a  bag  and  sink  them  to 
various  depths  between  700  and  1200  feet,  and  there  allow  them 
to  remain  for  several  weeks.  The  result  of  this  was  that  the  sub- 
jects survived  in  an  apparently  healthy  condition. 

Some  Crustaceans,  similar  to  those  in  the  Baikal,  have  been  found 
in  a  small  lake  up  the  Tunka  Valley,  and  I  have  already  mentioned 
that  it  is  not  at  all  unlikely  that  seals  also  occur  in  neighbouring 
lakes. 

These  facts,  small  as  they  are,  naturally  tend  to  the  surmise  that 
the  fauna  of  the  inland  fresh  waters  of  these  districts  may,  on  ex- 
amination, prove  to  have  a  great  similarity.  Should  this  be  so,  we 
may  perhaps  be  led  to  think,  as  has  before  been  suggested,  that 
all  the  small  lakes  which  we  see  dotted  on  the  map  around  the 
Baikal  were  once  connected,  and  in  former  times  existed  as  a  vast 
inland  sea.  That  the  Baikal  was  once  more  extensive  than  it  is  at 
present  seems  to  be  indicated  in  the  terraces  which  appear  to  be 
marked  upon  its  southern  boundaries.  Still  farther  to  the  south  and 
south-east,  up  the  valley  of  the  Tunka,  Mr.  Tchersky  tells  me  that 
there  are  beds  of  alluvium  marking  an  old  extension  of  the  lake. 

So  far  as  I  could  learn,  there  appear  to  have  bien  two  well- 
marked  periods  in  the  history  of  this  lake :  first  there  was  the 
original  cutting  out  of  the  rocky  bed,  and  a  subsequent  filling  in 
with  alluvium,  and  secondly  there  was  the  cutting  out  of  the  basin 
in  the  alluvium,  traces  of  which  remain  in  the  valley  of  the  Tunka^ 
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*rj*  \  ri-cbir  '^  "M  »«»»¥  •■:  "ibfrr  prespct  lev^  Bj  Aif  litter 
ik.rJic  T?  i&i  1^  -wkT.fzr.  »  v-  f^*eftk.  s^jix  up  into  ■epftnte  aru&. 
TiiS  ^liili  txrlkir.  tb*  fr=.nirt:T  in  tb»  fmona  of  the  differat 
dMrrS:t*-  §ii:^Li  h  *T*r  i«t  ir: T^i  nnsffenonlT  lo  exist,  and  also  tite 
rTs-*?D3e  :f  sfcl*  lik*s  ir  ii»r  Tnsfr-BiiV^  teTritonr.  wbere  the 
vkTr-Ts^  f >T  vkz.:  :f  :>rLr€^^  Lat*  1<coie»  gradoAlly  sapemnuated, 
st-tC  ii:  w  li^T  ir.-.^klJT  f i-m  a  is^aKt  m  their  sh)>resi. 

M.iR  :^  vLfc:  I  LfcTr'skSl  ar*:-^  dj«  BaikiL  it  will  be  seen. is  baaed 
en  ic^^rj  •eTiieoK.  kzii  ^.isc  ic^t  be  aox-psed  nntil  something  berter 
CiT  !•=  c>':«vv^»i.  Wiri^  ":2>e  ?5»-'l"^  ■^al  B»logy  of  these  distzica 
LkT»  t»=»e^  f::r:Lfr  ii.Tr*n,rk:el  :i  remain*  to  be  seen  if  we  get  in- 
dS^aiSic:^  ts  ^:'  •.be  iri^^  rf  iLe  p-Lrsioa!  featores  of  this  part  of  the 
w:-r!i  rdll  piinTf'^z  ^  't^'^  sazae  direcd«>n,  as  those  do  which  ▼« 
LfcT*  a:  pres*rr.i  in  pTAsesKcn. 

S:  fir.  tiirs-  I  as  o:-nteni  to  believe  that  at  one  time,  in  this 
p«:ra:t  :-f  lii*  w:«-I  L  ilere  were  inland  fresh  waters  which  deposited 
al2-T:Tx=i.  aiiL  w  these  rerire«L  the  BaikaL  with  its  surronnding 
Ikkdf  anti  lfcr-rl-rg&.  were  Irf^  like  px-b  behind  a  flood. 


L ^SKTIOyS    CT    THE    XoXTHTMBaUiST*    A5T>  DtRHJIX    COAL-rmi). 

Bt  J.  R  SiMPSOS,  M.E.     « Large  folding  sheet,  pabli&hed  by  A. 

THE  *:r.-ri  wir:.  :: ":_.- j  Tr_j-!'^r5  ;-:--»V-is'y  kept  tbvir  local  kn  '!^■- 
;^  "^'e  r ,  •Lrr-j^.-'f**  iT-:  r-.:  iiiv  Tis?irij  awav.  an  i  i:  is  but  riiv'v 
:..wtr-V.  i'.rjr:;. i*i-:-  : :'  k  >. :rr.::£?  •::. 4r«-:-:er  is  wiihLel'i  from  thr 
j'j'.iic.  Tii'r  j/Uh;i-.:i:]  r.f  : :'  :':.r  'T-ri'I'-ji':-*!  ^Mrvrv  I'reni  u'ith  iiokn-.  vv- 
le  ijUi'^rit-i  ''f  'i--;*t'ir,  :*r  rri."-:r-ri  Vv  :":i^  vrrv  men  wiiO.  vear>  .v\ 
w^'jl'l  have  t}joii;:}i*  i:  ::.r:r  ::*t  ::•  :-rpo>»?  obstacles  to  the  projrr^s 
of  suoL  work.  There  are  >::!!  exorprion-i.  but  they  are  few  an! 
far  V^-ftwfr*:!! — survivals.  V  .;:  i::-:  of  the  fittest.  The  issue  of  tho 
hari'Worue  hhw^t  f/rfore  us  is  a  case  in  point.  Here  Mr.  SirupN*::. 
w».'ll  known  as  one  -..f  the  ni.-s:  active  of  North-country  iuiniii«' 
enj^ineers.  and  tlie  author  :i  more  than  one  paper  of  p:-olo^'.ai 
interest,  has  j^iven  the  w.  .rll  a  key  t'^  the  structure  of  the  irrvit 
Korthern  Coal-fiehl.  of  which  it  is  difficult  to  speak  with  sufficiont 
praise.  In  tlie  right-hand  corner  of  the  sheet  an  in-iex  ge«.>loLri<.-:il 
map  shows  the  limits  of  the  field,  its  chief  lines  of  fault  and  the 
lines  of  section,  one  N.  and  S..  and  the  other  E.  and  W..  the 
detailed  illustration  of  which  forms  the  chief  object  of  the  phite. 
Tills  object  is  attained  by  means  of  nearly  fifty  actual  mea.sure<l 
vertical  pit-sections  carefully  drawn  to  scale,  and  placed  side  by  side 
in  order  across  the  sheet.  To  the  left  stands  a  pjeneral  section  in 
which  every  recorder]  Coal-seam  is  given  and  numl>ered,  correspoml- 
ing  numbers  being  used  in  all  the  other  sections  for  the  siime  beils. 
thus  enabling  one  to  ascertain  at  a  glance  the  author's  views  as  to 
the  equivalence  of  the  minor  seams.  This  is  perhaps  the  mo^t 
valuable  feature  of  the  publication.  As  a  datum-line  the  Low- 
Main  or  Hutton  Seaxxi  Vias,  n?^  l\i\ivk  very  properly,  been  chosen. 
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Two  longitudinal  sections  along  the  lines  mentioned  give  a  good 
idea  of  the  general  connexion  of  the  details. 

As  a  whole.,  the  structure  of  the  Tyne,  Wear,  and  Tees  Coal-field 
is  simple  enough,  and  since  Buddie's  remarkable  papers  on  the 
larger  seams  of  the  district,  the  general  equivalence  of  these  has 
been  fairly  well  understood.  With  the  minor  seams,  however,  this 
is  not  the  case,  and  every  one  will  appreciate  the  obligation  under 
which  Mr.  Simpson  has  placed  northern  geologists  and  mining  men 
in  giving  them  the  results  of  his  observations  on  the  subject.  In 
some  instances  even  now  the  correlation  of  the  seams  is  still  doubtful, 
especially  in  the  extreme  north.  When  this  is  so,  a  special  mark 
attached  to  the  sections  denotes  the  uncertainty. 

The  nomenclature  of  Coal-seams  has  ever  been  eccentric,  and  here 
we  have  this  brought  vividly  before  us.  The  names  in  use  in  the 
Tyne  district  are  not  those  of  the  Wear  Valley,  while  yet  other 
names  are  given  to  the  same  Coals  in  the  Derwent  area. 

The  care  with  which  this  chart  has  been  drawn  up  is  evidenced 
by  the  fact  that  even  the  small  seams  lying  between  the  Brockwell 
seam  (the  arbitrary  base  of  the  Coal-measures)  and  the  Millstone- 
grit  aie  duly  ente^i  in  their  places.  In  thU  interval  we  have  the 
group  of  beds  sometimes  referred  to  as  the  Ganister  series,  although 
the  rocks  composing  it  are  indistinguishable  from  those  either  above 
or  below,  and  no  marine  fossils  have,  so  far  as  we  are  aware,  been 
found  in  them  yet.  The  fine-grained  white,  rootlet-pierced,  sand- 
stones, which  give  their  name  to  the  division,  are  found  both  in  the 
beds  above  the  Brockwell  seam  and  in  the  Carboniferous  Limestone 
or  Bemician  rocks  far  below.  We  are  therefore  pleased  to  see  that 
Mr.  Simpson  includes  the  series  (some  300  feet  thick)  in  the  Coal- 
measures  proper,  in  which,  indeed,  he  has,  very  judiciously,  recog- 
nized no  divisions  whatever.  The  entire  thickness  of  the  Coal- 
measures,  according  to  him,  from  the  highest  bed  known  in  Boldon 
Colliery  (between  Sunderland  and  Newcastle),  and  the  top  of  the 
Millstone-grit,  is  about  2125  feet  What  thickness  of  upper  beds  was 
removed  before  the  deposition  of  the  Permian  deposits  (the  un- 
conformity of  which  is  well  shown  in  these  sections),  there  is  of 
course  no  means  of  knowing. 

Mr.  Simpson's  diagram,  while  it  is  indispensable  to  all  local 
inquirers,  cannot  fail  to  be  appreciated  by  geologists  and  mining 
engineers  everywhere  as  the  latest,  readiest,  and  most  accurate 
summary  of  aU  that  is  important  respecting  the  Newcastle  Coal- 
field. O.  A.  L. 

n. — On  Volcanic  Action  as  a  Phenomenon  op  the  Universe.  By 
Prof.  QusTAv  TsoHEBMAK,  Member  of  the  Imperial  Academy 
of  Sciences.  Bead  8th  March,  1877.  (From  vol.  Ixxv.  of  the 
Transactions  of  the  Imperial  Academy  of  Sciences,  1st  part, 
March  number,  1877.     Vienna.) 

THE  author  has  formerly  suggested  that  all  stars  in  the  course  of 
their  development  pass  through  a  volcanic  phase.     The  moon's 
mountains  have  been  thought  by  Hooke,  Nasmyth,  and  Carpenter, 
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''to  owe  tlieir  shapea  to  eniptions,  Tlie  Bunspots  «re  eruplions  of 
Kincan descent  gas:  tbe  suddeu  brilliancy  of  somo  stars  puinU  b  ) 
Rtfmitar  oaus&  Tbe  forms  and  materials  uf  meteorites  may  be  cliiii  !>> 
7''<{ieotion  from  some  planet  in  volcunic  activity,  perhapH  now  itietf 
litnduced  to  fragments.  He  will  consider  whicli  of  the  uatiy  hyps- 
ftiiesos  brought  forward  will  bear  applicatioa  to  the  eartb  wi 
Isxt^DMion  to  the  universe.  First  he  deeoribes  tbe  tbeoiy  which 
ftttributes  volcanic  phenomena  to  the  mutual  action  of  the  wntrt 
Iwfaich  percolates  down  and  the  heated  rock  which  it  meets.  Thii 
■idxplains  many  of  the  circumstances.  He  objects  to  it,  however, 
'that  sinoe  percolation  is  a  continuous  ptooew,  volcanic  activity  ought 
^aither  to  be  continnouB  or  regularly  periodic,  also  that  it  fiib  lo 
l'«xplain  the  origin  of  many  products  of  eruplions,  especially  carbonic 
fAoid  gas,  nitrogen,  ammanin,  enlphurona  And  sulphuric  adds,  e[c„ 
.  ftnd  that  tbe  moon  shows  numerous  voloanos  bat  no  w^ater. 

Next  he  deficril>ee  Mallet's  suggestion  that  the  heat  is  owing  lo 
B  pinking  of  portions  of  the  earih'b  crust  into  cavilie«  produced  hj 
contraction.  This  he  says  could  ni.it  devolojie  a  tempemture  nearly 
ffnfficient ;  its  weaknfss  has  been  shown  by  O.  Fisher  and  Roth,  ami 
it  offers  no  explanation  nf  tbe  chemical  products.  He  briefly  dis- 
(Dtsses  the  suggestion  of  Nasmyth  and  Carpenter,  that  the  moon's 
materials  expand  in  solidifying ;  as  also  tliat  of  Davy  that  the  eartb't 
Interior  contains  potassium. 

He  then  enunciates  his  own  hypotlieeis.  first  developed  hy  Angelol 
in  18-13,  thnt  the  molten  mnleriiLU  williiii  the  cnrlh  confiiin  al i^r-rbert 
in  them  quantities  of  vapours  or  gases,  which,  in  solidifying,  they 
disengage.  Angelot  thought  this  would  not  account  for  the  amount 
of  action,  but  he  himself  considers  that  he  has  calcnUt«d  that  it  nilL 
Tbe  irregularity  of  eruptions  he  attributes  to  the  irregularities  in  tbe 
interior.  He  adduces  the  quantities  of  gases  found  contained  in  me- 
teorites. He  explains  on  this  hypothesis  the  disengagement  of  gases 
from  lava,  i[s  origin,  and  its  behaviour.  Kspecislly  he  ui^s  the  agree- 
ment of  his  theory  with  the  hypothesis  of  Kant  and  Laplace— the 
origin  of  all  heavenly  bodies  hy  condensation  of  gases.  In  their 
solidification  these  bodies  would  include  quantities  of  the  simple 
gases,  which  at  those  temperatures  would  be  elements,  but  when 
disengaged  in  cooling  might  meet,  combine,  and  so  produce  great 
and  sudden  developments  of  beat.  The  spplication  to  solar  eruptions 
is  plain.  If  Rinall  bodies  were  so  fonned,  their  quicker  cooling 
might  cause  explosive  action  more  violent  than  ordinary,  resulting 
in  swarms  of  irregular  fragments,  and  perhaps  tbe  complete  destruc- 
tion of  the  bodies.  Thus  he  accounts  for  meteorites.  The  small 
attraction  of  such  bodies  would  he  insufficient  to  retain  water  un- 
vaponrised  on  them.  Now  meteorites,  he  says,  contain  genewlly 
anhydrous  minerals.  If  the  moon  be  derived  from  a  former  ring 
(like  one  of  Saturn's)  round  the  earth,  its  materials  would  be  light 
If  its  surface  consist  of  light  absorbent  materials,  these  may  retain 
the  steam  and  gases  disengaged  from  the  interior,  and  aooount 
for  the  absence  of  a  visible  atmosphere. 

In  Appcndis  I.  (pp-  18-20)   the  author  estimates  the  degree  of 
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temperatare  that  conld  be  produced  on  Mallet's  hypothesis.  He 
calculates  that  a  mass  100  square  miles  in  area,  sinking  1  m^tre,  on 
the  assumption  that  half  the  heat  developed  was  produced  by 
friction,  and  that  its  effect  extended  to  a  distance  of  one  ra^tre  on 
each  side  of  the  surface  of  rupture,  could  not  produce  along  this 
sarfaoe  a  rise  in  temperature  of  more  than  54*7^  Centigrade. 

In  Appendix  U.  (pp.  20-24)  he  cites  many  observations  which 
show  that  molten  metals  contain  considerable  quantities  of  different 
gases,  and  disengage  them  in  cooling  and  solidifying. 

In  Appendix  III.  (pp.  24-26)  he  shows  that  on  the  supposition 
of  a  large  number  of  assumptions  the  amount  of  gas  developed  from 
the  earth  would  be  more  than  sufficient  to  account  for  the  volcanic 
activity  we  see.  His  assumptions  are,  Poisson^s  calculation  of  the 
heat  lost  annnaliy  by  radiation :  that  the  additional  amount  lost  by 
hot  springs,  lava  vents,  etc.,  is  one-tenth  more  :  that  the  latent  heat 
of  consolidation  is  that  of  iron  (which  he  estimates  ingeniously) : 
that  the  molten  materials  at  great  depths  disengage  in  solidifying  50 
times  their  volume  of  gas  :  and  that  the  velocity  of  eruption  of  gas 
from  a  volcanic  vent  is  fifteen  metres  per  second.  His  result  is  that 
the  gas  disengaged  would  be  sufficient  to  keep  in  vigorous  activity 
20,000  volcanic  vents,  each  one  square  m^tre  in  area. 

Though  the  author's  theory  is  open  to  some  of  the  objections 
which  he  urges  against  other  hypotheses,  and  though  his  calcula- 
tions, as  is  apt  to  be  the  case  with  such  estimates,  are  of  little  im- 
portance, yet  it  does  seem  likely  to  be  a  partial  cause  of  terrestrial 
volcanic  activity^  perhaps  the  whole  cause  of  solar  eruptions ;  and 
the  paper,  as  a  clear  statement  of  the  theory,  is  a  valuable  one. 

E.  H. 


I. — Qeologioal  Socibtt  op  London. —November  7th,  1877. — 
Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  President,  in  the  Chair. 

The  President  announced  that  Mr.  Frederick  L.  Woodward  had 
been  appointed  Junior  Assistant  in  the  Library  and  Museum. 

The  following  communications  were  read  : — 

1.  A  letter  dated  Foreign  Office,  September  14,  1877. 

"  Sir, — I  am  directed  by  the  Earl  of  Derby  to  state  to  you,  for  the 
information  of  the  Geological  Society,  that  his  Lordship  has  received 
a  despatch  from  Her  Majesty's  Minister  at  Teheran;  reporting  that 
a  mining  engineer  had  arrived  there  from  Berlin,  who,  at  the  re- 
quest of  the  Persian  Government,  had  been  selected  by  Messrs. 
Siemens  to  ascertain  what  foundation  there  was  for  the  reported 
existence  of  a  rich  vein  of  gold  in  the  vicinity  of  Zengan ;  that  he 
had  visited  the  locality,  and  reported  that  auriferous  quartz  does 
exist,  but  that  he  had  not  yet  succeeded  in  finding  any  vein  or  de- 
posit of  the  metal. — I  am.  Sir,  your  most  obedient,  humble  Servant, 
<*  The  Secretary,  Geological  Society,  etc.  JuLlAN  Paunojcfote." 

2.  "  Notes  on  Fossil  Plants  discovered  in  Grinnell  Land  by  Capt. 
H.  W.  Feilden,  Naturalist  to  the  English  North  Polar  Expedition." 
By  Prof.  Oswald  fleer,  F.M.G.S. 
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Near  Discovery  Harbour,  where  H.M.S.  "  Discovery  **  winteied 
in  1875-6,  in  about  81°  45'  N.  lat,  and  64°  45'  W.  long.,  a  bed  of 
lignite,  from  25  to  30  feet  thick,  was  found,  resting  unconformably 
upon  the  azoic  schists  of  which  Grinnell  Land  chiefly  consista.  The 
lignite  was  overlain  by  black  shales  and  sandstones,  the  former  con- 
taining many  remains  of  plants ;  and  above  these  there  were,  here 
and  there,  beds  of  fine  mud  and  glacial  drift,  containing  shells  of 
marine  Mollusca  of  species  now  living  in  the  adjacent  sea.  This 
glacial  marine  deposit  occurs  up  to  levels  of  1000  feet,  indicating  a 
depression  and  subsequent  elevation  of  the  region  to  at  least  this  extent. 

Eemains  of  25  species  of  plants  were  collected  by  Capt.  Feilden, 
and  18  of  these  are  known  from  Miocene  deposits  of  the  Arctic 
zone.  The  deposit  is  therefore  no  doubt  Miocene.  It  has  17  species 
in  common  with  Spitzbergen  (78°  1^  N.  lat),  and  8  species  in 
common  with  Greenland  (70°  71'  N.  lat).  With  the  Miocene  flora 
of  Europe  it  has  6  species  in  common;  with  that  of  America 
(Alaska  and  Canada)  4 ;  with  that  of  Asia  (Sachalin)  4  also.  The 
species  found  include  2  of  Equtaetum,  10  Coniferse,  PhrckgnUtea  (Enin- 
genaia,  Carex  Nouraoakenaia,  and  8  Dicotyledons,  viz.  Populua  arciica, 
Beitda  priaca  and  Bronguiariiy  Corylua  Macquarrii  and  inaignU,  Ulmtu 
borealia,  Viburnum  Nordenakioldi,  and  Nymphaa  arctica. 

Of  the  Conifers,  Tordlia  rigida,  previously  known  only  by  a  few 
fragments  from  Spitzbergen,  is  very  abundant,  and  its  remains  show 
it  to  have  been  allied  to  the  Jurassic  genera  PhcBnicopaia  and  Baitra^ 
the  former  in  its  turn  related  to  the  Carboniferous  Cordaites,  and 
among  recent  Conifers,  to  Podocarpiis.  Oilier  Conifers  are,  Thnites 
Ehrenswdrdi  {!),  Taxodium  distichum  mioceiium  (with  male  flowers ;, 
Pinua  Feildentana  (a  new  species  allied  to  P.  strohua),  Ptuns  pohris, 
P.  ahics  (twigs  covered  with  leaves),  a  species  of  Tswja  (Pinus 
Dicksonianay  Heer),  and  a  white  Spruce  of  the  group  of  Piuus 
grandis  and  cariocarpa.  Pinna  dbies,  which  occurs  here  and  in 
Spitzbergen,  did  not  exist  in  Europe  in  Miocene  times,  but  had  its 
original  home  in  the  extreme  north,  and  thence  extended  south- 
wards ;  it  is  met  with  in  the  Norfolk  Forest-bed,  and  in  the  inter- 
glacial  lignites  of  Switzerland.  Its  present  northern  limit  is  69i" 
N.,  and  it  spreads  over  25  degrees  of  latitude.  Taxodium  distichum, 
on  the  contrary,  spread  in  Miocene  times  from  Central  Italy  xo 
82°  N.  latitude,  whilst  at  present  it  is  confined  to  a  small  area. 

Betula  Brongniartij  Ett.,  is  the  only  European  species  from  Grin- 
nell Land  not  previously  known  from  the  arctic  zone. 

The  thick  lignite-bed  of  Grinnell  Land  indicates  a  large  peat- 
moss, probably  containing  a  lake  in  which  the  water-lilies  grew ;  on 
its  muddy  shores  stood  the  large  reeds  and  sedges,  the  birches, 
poplars,  Taxodia^  and  Torellice.  The  drier  spots  and  neighbouring 
chains  of  hills  were  probably  occupied  by  the  pines  and  firs, 
associated  with  elms  and  hazel-bushes.  A  single  elytron  of  a  beetle 
( Carahitea  Feildenianus)  is  at  present  the  sole  evidence  of  the  exist- 
ence of  animals  in  this  forest-reffion. 

The  nature  of  the  flora  revealed  by  Capt,  Feilden's  discoveries 
seem  to  confirm  and  extend  earlier  results.     It  approaches  much 
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more  closely  to  that  of  Spitzbergen  than  to  that  of  Greenland,  as 
might  be  expected  from  the  relative  positions  of  the  localities  ;  and 
the  difference  is  the  same  in  kind  as  that  already  indicated  by  Prof. 
Heer  between  Spitzbergen  and  Greenland,  and  would  indicate  the 
same  kind  of  climatic  difference.  Nevertheless,  the  presence  of 
Taxodium  disiichum  excludes  arctic  conditions,  and  that  of  the 
-water-lily  indicates  the  existence  of  fresh  water,  which  must  have 
remained  open  a  great  part  of  the  year.  Eepresentatives  of  plants 
now  living  exclusively  in  the  arctic  zone  are  wanting  in  the  Griii- 
nell-Land  deposits;  but  on  the  other  hand  most  of  the  genera  still 
extend  into  that  zone,  although  they  range  in  Grinnell  Land  from 
12°  to  15°  further  north  than  at  present. 

3.  "  On  our  present  knowledge  of  the  Invertebrate  Fauna  of  the 
Lower  Carboniferous  or  Galciferous  Sandstone  series  of  the  Edinburgh 
neighbourhood,  especially  of  that  division  known  as  the  Wardie 
Shales,  and  on  the  first  appearance  of  certain  species  in  the  beds.'" 
By  R.  Etheridge,  Esq.,  jun.,  F.G.S. 

The  Galciferous  Sandstone  series  of  the  district  described  con- 
sists, according  to  the  author,  of  two  divisions : — the  8Uj)erior,  or 
"Cement-stone  group,"  composed  of  sandstones,  shales,  oil-shales, 
some  thin  coals,  and  a  few  limestones ;  the  inferior,  or  *'  Red  Sand- 
stone," consisting  of  red  and  grey  sandstones,  conglomerates,  marls, 
and  comstones.  The  latter  are  very  unfossiliferous,  an  Entomo- 
stracan  (Estheria  Peachti)  being  the  only  fossil  known  from  the  Red 
Sandstone.  In  some  sandstones  and  shales  at  Clubbiedcan  Reservoir, 
placed  with  doubt  at  the  base  of  the  Cement-stone  group,  Leperditia 
Bcotohnrdigahnsis  and  a  crushed  bivalve  (Myalina  ?)  occur  with 
Sphenopteria  affinis ;  and  a  limestone  belonging  to  the  same  set  of 
beds  is  almost  entirely  composed  of  Sptrorhis  helicteres  with  S.  car- 
honarius  (?).  In  shales  at  Craiglockhart  Hill,  Discina  nitida^  Lingnla 
squamiformiB  (?)  and  myiiloides^  Anthracoata  nucleuSf  Avicula  Hender- 
80711,  and  a  new  Myalina  occiir.  In  the  Wardie  Shales  at  Woodliall 
Serpulites  carhonarius,  a  species  of  ChcBtetes,  a  new  species  of  Leda, 
Myalina  crassa,  var..  a  species  of  Aviculopecteny  Schizodns  Salferi, 
Pandora  iypica  ;  Pleurotomaria  moniliferay  Murchisonta  siriatnla  (?), 
Bellerophon  decussata,  var.,  a  species  of  ConuLaria,  Nautilus  carini/erusj 
and  a  species  of  Orthoceras,  make  their  appearance,  associated  with 
several  of  the  previously  mentioned  fossils.  This  appears  to  be  the 
richest  deposit  in  the  whole  group ;  but  a  new  species  not  found  in 
it  occurs  elsewhere.  The  author  has  increased  the  known  Inverte- 
brate fauna  of  the  Galciferous  Sandstone  group  in  this  district  from 
twenty  to  thirty  species,  most  of  which  he  describes  and  figures,  and 
among  them  the  following  are  distinguished  as  new  or  undeter- 
mined : — Chatetes  sp.,  Avicula  Hendersonij  Aviculopecten  sp.,  Anthra- 
coptera  oheaay  Myalina  Bublamellosa,  Nuctdana  Sharmani,  Pandora*^ 
typica^  Littorina?  scoioburdigalensia,  Conularia  sp.,  and  Orihoceras  sp. 

From  his  investigation  of  these  species  he  indicated* the  occurrence 
of  at  least  three  or  four  marine  beds  in  the  Galciferous  Sandstone 
series  in  addition  to  that  mentioned  by  Mr.  Salter,  namely,  at  Craig- 
lockhart, at  Woodhall,  Water  of  Leitli,  at  Drumsheugh,  which  may 
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be  identical  with  tlie  last,  and  jirohnbly  at  Deiwi  Bridge.  Scvenl  ^{ 
the  species  wliioh  occur  low  down  in  this  serii^  Attain  their  grcalrA 
develuptnent  in,  and  are  Dhatucteriatic  of,  the  Carboniferous  Lime- 
8tone  Beriee. 

jr. — Amkbioas  AsBoruTiOK  fob  thk  Advasokment  or  SciKscr 
Nashville,  Tenii.,  August  31,  1877.— Prof.  T.  Slerry  Hunt  read  * 
paper  on  "  The  Geology  of  the  Older  Rocka  of  Western  Ameriia,"  of 
which  the  following  is  a  synopsia; — 

Prof.  Slerry  Hunt  called  attention  to  the  great  types  of  crystalline 
Btratified  Eozoic  rocks  which  he  has  recognized  in  the  eastem  pan 
of  the  Gontiueut  aud  in  Eiiiupe,  and  which  he  has  endeavoured  tu 
show  constitute  distinct  groups,  well  markeil,  both  Utliologtcally  and 
geognoatically.  He  then  gave  some  conclusiona  drawn  from  ohser- 
TAtioufl  made  by  himself  at  a  few  points  among  the  crystalline  rucks 
during  a  late  journey  in  the  WeeU  His  examiuations  of  those  in 
the  Rocky  Mountains  were  raaile  in  the  Sangre  de  Chrieto  Range, 
near  Garland ;  in  the  Front  or  Colorado  Range ;  at  the  Ut«  Fa^  and 
Glen  Eyrie ;  and  also  along  Clear  Creek  Canon,  and  at>out  George- 
town. In  all  of  these  localities  he  found  gneianic  rocks,  frequeully 
granitoid,  often  homblendic,  but  acarcely  micaceous,  and  api«rently 
identicikl  with  the  Laurentian  series  of  the  East,  fie  referred  lo  tlie 
published  observations  of  the  late  Mr,  Marvine,  in  Hayden's  Repott 
for  1873,  who  had  OArefnUy  studied  these  rocka  in  the  Colondo 
Kange,  and  who  compared  them  to  the  Laurentian  ;  and  he  agret^l 
witJL  Mr.  Mnrviuo  in  rp;;ririlinn  ns  indigenous  the  red  gr.initoid  ruoks 
in  the  region  of  l].--  Ut..-  P:,,^.-.  Similar  gmtiiloid  rocks  at  and  neiir 
Sherman,  on  the  Union  Pacific  Railroad,  are  also,  according  to 
Prof.  Hunt,  probably  of  the  same  nature.  He  referred  in  this  con- 
nexion to  the  area  of  labradorite  rocks  having  the  character  of  the 
Norian  series,  found  in  the  Bocky  Mountain  region,  in  Wyoming,  but 
known  to  the  speaker  only  through  specimens. 

The  rocks  of  the  Wasatch  Range,  as  seen  in  the  Devil's  Gate 
on  the  Weber  RiTer,  are  Laurentian,  to  which  are  to  be  referred 
also  the  crystalline  stratified  rocks  found  in  the  same  range  further 
south,  in  the  uj>per  part  of  the  Little  Cottonwood  Canon.  Here, 
among  loose  blocks  of  the  gneiss,  are  found  occasional  masRes  of 
coarsely  crystalline  limestone,  with  mica,  and  others  of  a  peculiar 
type  of  pyroienic  rock,  which  accompanies  similar  limestones  in  the 
Laurentian  series.  The  crystalline  rocks  in  the  lower  part  of  the 
same  Caiion  are,  however,  well-marked  exotic  or  eruptive  gnmites. 

Eruptive  granites  are  found  in  California,  where  they  abound 
among  the  foot-hills  of  the  Sierras,  in  Placer  and  Nevada  counties. 
The  crystalline  schists  seen  by  the  author  in  these  counties,  and  is 
Amador  county,  are  Huronian,  and  have  all  the  characters  of  the 
Huronian  series,  as  seen  in  the  eastern  regions  of  North  America, 
and  of  the  pielri  verdi  of  the  Alps.  To  this  horizon  are  also  to  be 
referred  the  similar  crystalline  rocks  of  the  Coast  Range  of  California, 
as  seen  near  San  Francisco  and  San  Jose,  The  auriferous  veins 
wfaioh,  in  the  Rocky  Mountains,  intersect  the  Laurentian  gneisses, 
ye  found  in  the  Sierras  alike  in  the  Huronian  schists,  and  in  the 
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THE  LATE  MR.  EDWARD  WOOD,  J.P.,  F.G.8. 

Sir, — Tour  obituary  notice  (Qbol.  Mag.  Oct.)  of  the  late  Mr. 
Tood,  of  Eichmond,  omits  a  circumstance  in  his  life  which  the 
riter  may  not  have  known — but  which  ought  not  to  be  left  uu- 
Kjorded. 

Mr.  Wood  was  a  man  with  a  warm  and  feeling  heart ;  and  some 
^ars  ago,  when  it  was  the  fashion  for  ladies  to  wear  seabirds'  wings 
L  their  hats,  gangs  of  merciless  ruffians  used  to  put  out  in  boats 
om  the  coast  towns  of  the  north-east  of  England  for  the  purpose 
"  capturing  the  birds  (which  breed  on  Flam  borough  Head)  while 
tting  on  their  nests.  Not  satisfied  with  this,  they  would  often 
lar  the  wings  from  the  bodies,  retaining  only  the  former,  and 
irowing  the  latter  into  the  sea. 

During  Mr.  Wood's  geological  excursions  he  became  a  witness  to 
lis  revolting  practice,  which  he  determined  if  possible  to  put  an  end 
L  He  foresaw  that  unless  this  was  done  the  whole  race  of  sea- 
irds  on  that  coast  would  be  exterminated.  He  immediately  put 
imself  in  communication  with  gentlemen  of  influence  in  that  part 
*  the  country,  described  with  natural  indignation  what  he  had  seen 
ith  his  own  eyes,  and  obtained  their  aid  in  bringing  the  matter 
efore-  members  of  Parliament.  He  also  went  up  to  London  and 
ftd  interviews  with  members  of  the  Government  and  of  both 
[ouses  of  Parliament,  and  at  length  had  the  satisfaction  of  seeing  a 
ill  carried  into  law,  for  the  protection  of  seafowl  during  the 
reeding  season.  All  who  love  the  feathered  tribes,  therefore,  owe 
debt  of  gratitude  to  Mr.  Wood,  of  Bichmond,  Yorkshire. 

Dublin,  14M  October,  1877.  B.  H. 

RIPARTITE   ORIGIN   OF  THE   BOULDER-CLAYS  OF  THE  NORTH 

WEST  OF  ENGLAND. 
Sir, — From  repeated  examinations  of  a  number  of  constantly 
arying  sections  around  the  estuaries  of  the  Dee  and  Mersey,  I  have 
sen  led  to  adopt  the  theory  of  a  tripartite  derivation  of  the  con- 
;ituents  of  the  two  Boulder-clays — the  normal  sand  and  coarse  grit 
•om  the  local  Triassic,  Permian,  and  Carboniferous  sandstones ;  the 
3normal  clay  (of  which  the  deposits  mainly  consist)  from  "  mud  " 
suing  from  beneath  glaciers  (chiefly  in  the  Lake  District)  when 
ley  descended  as  low,  or  nearly  as  low  as  the  sea-level ;  the  equally 
bnormal  erratic  stones  transported  and  dropped  into  the  slowly 
^cumulating  clay  by  floating  coast-ice,  the  sea  having  been  too 
tiallow  to  float  icebergs,  which  indeed  would  either  directly  or 
idirectly  have  disturbed  the  surface  of  the  middle  sand  (which, 
way  from  the  mountains,  almost  invariably  indicates  the  prevalence 
f  extremely  tranquil  conditions)  when  the  upper  clay  began  to  be 
eposited.  The  clay  may  have  been  partly  worked  up  from  the 
»cal  shales  and  so-called  marls,  but  its  wide  distribution,  general 
niformity  of  character,  and  great  amount,  are  clearly  incompatible 
'ith  the  idea  of  its  having  been  mainly  of  local  derivation. 
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Tho  above  theory  of  the  tripartite  origin  of  the  Boulder-cbya  will 
explain  many  fncte  which,  at  first  sight,  are  calculated  to  pnislc  ilu 
ohservor,  and  make  him  think  that  there  ie  no  conatant  order  ij 
Bncceeeion  in  the  drift-deposits  of  the  north -western  plain,  llw 
oiirrent-difitribuled  8uhglacial  day  could  not,  everywhere,  have  ben 
eqnal  in  amount.  It  is  indeed  reasonahle  to  suppose  that  in  varipw 
plares,  and  ut  Tarioiis  Umea,  there  would  be  a  partial  or  even  entire 
luilure  in  the  supply  of  this  clay,  so  as  to  leave  the  sea  notLing  ta 
deposit  but  loam,  sand,  or  coarse  local  grit,  which  would  often  con- 
tain  few  or  no  erratias,  as  the  currents  which  wonld  bring  the  cUv 
would  likewise  be  the  principal  carriers  of  the  floating  coast'in 
(part  of  wbiah,  however,  would  appear  to  have  been  blown  in 
aberrant  directions  by  wind). 

In  the  lower  clay,  there  la  often  a  change  in  its  character  upwardi. 
as  if  the  supply  of  eubglacial  clay  and  erratic  etones  had  been 
diminisliing;  in  other  words,  it  of^en  beooiuea  less  sIoDy.  and  more 
intercalated  with  loam  or  sand  towards  its  junction  with  the  boh- 
glaeial  middle  sand.  This  indeed  might  he  enpecled  on  the  snp- 
posilion  that  the  lower  clay  and  middle  saud  were  deposited  during 
the  same  submergence. 

The  tripartite  theory  likewise  explains  the  degenemcy  of  the 
clays  tovlhieard  from  the  source  of  supply ;  and  uptpard  on  the 
hill-slopes  where  the  olays  gradually  become  more  earthy  luid  lool 
in  tlieir  character;  for  the  prt^ress  of  the  snbmergeiice  must  hnve 
melted  the  ice  upwiird,  no  as  to  limit  its  extent  nnd  ccinsequeut 
power  of  supplying  subglacial  clay.  U.  Mackintosh. 


COLOURING  OF  OOLITIC  HOCKS. 
Sib, — An  eicellent  illustration  of  Professor  Judd's  remark  on  the 
colouration  of  the  Oolites,  quoted  at  p.  480,  from  "  The  Geology  of 
England  and  Wales,"  may  be  now  seen  in  a  cutting  on  the  Midland 
Railway  to  the  north  of  Kettering.  The  bed  is  very  low  down  in 
the  Inferior  Oolite,  doubtless  part  of  the  Northampton  Sands.  It 
seems  to  be  {I  have  only  noticed  it  from  the  train,  but  I  believe  it 
identical  with  rock  I  have  elsewhere  examined)  a  soft  sandstone^ 
perhaps  calcareous.  Vertical  joints  divide  its  beds  into  blocks,  n 
that  there  is  a  rough  resemblance  to  courses  of  masonry,  Sometimee 
these  blocks  are  wholly  brown  ;  but  in  other  cases  the  heart  of  s 
block  is  blue-grey,  while  the  exterior  for  several  inches  is  brown: 
so  that  it  is  evident  that  the  former  was  the  original  colour,  and  that 
atmospheric  water,  as  may  be  seen  in  so  many  other  cases,  h&s  con- 
verted the  pyrite  (or,  what  is  here  more  probable,  the  carbonate  of 
iron,  vide  Judd,  Geol.  Butland,  p.  1S6)  into  limonite.  The  effect 
produced  by  this  change  along  the  planes  of  bedding  and  of  jointing 
is  very  singular,    something    like    masonry   esce^ingly    coarsely 

— -'  ■'  T.  G.  BONHZT. 


EsKjiTrM. — In  the  Ee».  T.  G.  Bonn^^r'a  article,  Giol.  Hie.  Nov.  1877,  p.  499, 
Udm  S  and  14, /or  "  HoDgary,"  riad  "  BobenuB." 
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